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Section 1 Introduction

Users can easily perform gas dilution, ozone, and GPT
calibrations with Sabio Instrunents Inc.'s intelligent Model
4010 gas dilution calibrator. The Model 4010 was designed to
set a new government and industry standard of quality and
performance for gas calibrations. Enhanced with the | atest
technol ogy, Sabio's Mddel 4010 Gas Dilution Calibrator is an
unconplicated and effective way to precisely control the
dilution of gas standards for calibration of anbient air and
source nonitoring anal yzers.

An easy-to-read display, wth touch panel operation, user-
friendly nmenu software and sturdy hardware anenities mneke the
Model 4010 both highly practical and easy to operate. Each
Model 4010 conponent was selected or designed with great care to
nmeet Sabio's quality performance standards and governnent
envi ronnent al agency goal s and requirenents.

User Benefits

Quality Construction. Sabi o sel ected very high quality, inert valves
for the source, perneation and dilution streans. The source and
pernmeation oven valves wetted surfaces are manufactured wth
inert materials. To ensure the manifolds do not react with the

gases, the manifolds are made of inert materials. Sabi o
m ni m zed dead space in the valves and manifolds to assure fast
rise tines. A source purge-valve is standard for sweeping

trapped gas out of the source manifold. Static m xers enhance
honmogeneous blending of diluent and source gases and the
reacti on chanber neets EPA requirenents. Mass-fl ow controllers
precisely neter all gas streans.

Modern technology means precision calibration. In conbining superior
software, conponents and nmaterials, Sabio's WMdel 4010 is
setting a new benchmark for precisely diluting gas standards.

Elemental design means no lengthy training period required. The desi gn of
the Model calibrator makes it easy for non-technical personnel
with little or no specialized training to perform precise
calibrations of gas anal yzers.



Introduction Page 1-2

A complete calibration system. The Model 4010 Calibration System
makes use of enbedded m croprocessor technology to enhance the
accuracy and control features of the calibration system The
Model 4010 is designed to be used manually, automatically or
sem -automatically by renmpte control to conduct calibrations.
The wunit features an optional internal ozone generator. An
optional perneation oven and UV absorption photoneter are also
avai | abl e.

Versatile programming options. The calibrator has the capability to
produce and store in menory 20 calibration sequences, with up to
20 levels of source/dilution in each sequence. Users enploy the
front panel nenbrane keypad or serial port to input calibration
par anmet er s. A bright, easy-to-read, 25-line x 80-character
di spl ay shows calibration and system configuration information.

Additional features include continually wupdated display of
dilution and source information, local and renote calibration
control, eight-port output manifold wth port connections for up
to seven gas analyzers, and portable and 19-inch rack nounting
opti ons.

The Moddel 4010's precision ozone generator is suitable for use
as a transfer standard for ozone calibrations or can be used for
perform ng nitrogen dioxide calibrations by nmeans of gas phase
titration (GPT). The ozone generator elimnates the need for an
addi tional ozone transfer standard to conduct audits or perform
cal i brations.

The Mbdel 4010's ozone generator uses a mass flow controller in
its ozone stream thus elimnating pressure problens experienced
by the conpetition. |In addition, the ozone generator's advanced
electronic circuitry and propriety photo detector enable the
ozone generator output to be so stable and accurate that the
need for a photoneter is elimnated.

The internal UV absorption photoneter option is a conplete W/
ozone analyzer that can be used independently for nonitoring
ozone producti on.

The Model 4010 internal or external perneation oven option is an
effective tool for generating precise gas concentrations for

calibrating a wide range of gas analyzers. The large oven
capacity accomopdates many types and sizes of perneation
devi ces. An internal <clean air supply, precise mass flow

controller and tenperature controller ensures a highly accurate
gas concentration process.
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Standard Features

Enbedded 386 CPU m croprocessor, 55 button nenbrane key pad,
25 line x 80-character el ectrolum nescent display and user-
friendly, nenu-driven software

Serial communi cations ports and parallel printer port

User digital inputs/outputs (24) for use as renote control
i nputs or status outputs

Gas dilution systemfeaturing the finest inert valves and nass
flow controllers for control and precise netering of source
and dil uent gases

Optional Features

Preci si on ozone generator
| nternal UV absorption photoneter
| nt ernal permeation oven

The Moddel 4010 design exceeds the United States EPA calibration
met hod requirenents. Dilution conponents are calibrated wth
standards and test equipnent traceable to the National Institute
of Standards and Technol ogy (N ST).



Introduction Page 1-4

Model 4010 Gas Dilution Calibrator Specifications

Pneumatics:
Fl ow accuracy + 1.0% of full scale
Fl ow repeatability + 0.15% of full scale
Flow linearity + 0.5%of full scale

Diluent:
Mass flow controller range O - 10 SLPM (Optional 0 - 20 SLPM
| nput pressure 20 - 30 PSI G
Port 1, normally air (Optional Port 2, user defined)

Source:

Mass flow controller range O - 100 SCCM (Optional 0 - 20 SCCM
0- 50 sCctM 0 - 200 sccM O - 500 sccM O - 1 SLPM 0 - 2
SLPM

Optional second source nmass flow controller

| nput pressure 15 - 30 PSIG

Four gas cylinder input ports (Optional two additional ports)
Source mani fold purge port

Optional external perneation oven input port

Optional internal perneation oven

Usable dilution ratio varies with flow controll er selection,
add a second source flow controller for w der dynam c range

Sol enoid valving for diluent, source and purge ports
Ei ght calibration gas output ports

Opti onal output sol enoid val ve

GPT reaction chanber neets EPA requirenents

Attains 95% of Set Point in |less than 60 Seconds
Optional internal perneation dryer for diluent port 1

Wetted surfaces are conposed of stainless steel, Teflon, Peek
or glass; all ports Swagel ok or equivalent; Viton and Calrez
seal s
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Internal Permeation Oven Option:

d ass oven chanber approximate length 13.2 cm |l ong, inside
di ameter 3.02 cm vol ume 94 cmB, opening diameter 2.54 cm

Carrier gas preheated

Oven operating tenperature maintained within + 0.1 OC of set
point from 3 OC above ambient to 60 OC

Warmup tinme | ess than 30 mi nutes

Nomi nal carrier flow of 100 SCCM mai ntai ned within 1% by
precision mass flow controller

Internal carrier air supply with inlet filter, high-efficiency
coal escent filter and pollution scrubber canister

Optional perneation tubes

Ozone Generator:

Qutput range 0.05 - 1.0 PPMat 5 SLPMinstrunent flow
(Optional extended output range 0.05 - 1 PPMat 10 SLPM
i nstrunment flow

Accuracy + 2% of set point or + 3 PPB at 5 SLPM

Nom nal ozone flow of 100 SCCM mai ntained within + 1 SCCM by
precision flow controller

W lanp maintained at 50 + 0.1 OC
Optional UV optical servo control |oop

Opti onal UV absorption photoneter

Internal UV Absorption Photometer Option:
Ozone nonitoring ranges 100 PPB to 20 PPM full scale

Linearity + 1 PPB or + 1 percent of full scale, whichever is
great er

Precision + 1 PPB
Lower detectable Iimt 0.8 PPB
Zero drift for 24 hours and 30 days |less than 1 PPB

Span drift for 24 hours and 30 days | ess than 0.5 percent of
r eadi ng

Lag tinme | ess than 10 seconds

Rise and fall time of 95 percent of final reading | ess than 60
sec at 500 SCCM sanmple flow rate

Nom nal flow rate of 500 SCCM nonitored by mass fl ow neter
Teflon inlet filter
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I nternal sanpl e vacuum punp
Recorder and data acquisition system anal og outputs
Operating tenperature 50 - 40 OC

Calibration Definitions:

Twenty user defined calibration sequences with up to 20 points
per sequence

Cal i brations may be gas bl ends, ozone or GPT

Two diluent gas definitions and 20 source gas standard
definitions

Twenty tinmer-driven calibration routines that perform
predefined calibration sequences on a cal endar of events

Operation Modes:

Manual |y through use of print panel 55-button nenbrane keypad
and di spl ay, external user supplied keyboard or optional RS232
serial ports

Automatically by renote contact closures, internal timer or
serial ports

Electronics:

| ndustry standard 25 MHz 386 CPU; flash nenory for storage of
sof tware and user configuration; battery-backed real-tine
clock; 32-bit floating point math conputations; capacity for
future enhancenents

Fifty-five button nenbrane keypad, 25-1ine X 80-character
(640 X 400 pi xel graphics) electrolum nescent display or color
di spl ay

Twel ve bit resolution on servo control conponents (optional
16-bit anal og i nput resol ution)

Stat us i nput/output board provides 24 programmable status I/0O
bits for control and nonitoring of calibrator functions

Optional solenoid drivers for interfacing with six 3 watt 24
VDC i nstrunment calibration sol enoi ds

Two serial data communications ports

Centronics parallel printer port

Ext ernal PCAT keyboard printer port

Heavy duty universal input power supply and AC line filter
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Optically isol ated power drivers

PWM servo | oops for precise control of UV lanp intensity and
tenperature | evels

Electrical:
Standard 96 - 264 VAC, 150 - 300 VA, 50/60 Hz operation

Conpressed air source control circuit provides switched 5 VDC,
12 VDC or 24 VDC

Mechanical:

Size 8.75" (22.2 cm H X 17" (43.2 cnm) WX 20" (50.8 cm) D,
size varies with rack nount kit and other options

Aver age weight 40 | bs. (18.1 kQ)

Miscellaneous:
Tenperature 5 - 40 OC

Aut omatic restart on power up
Warm Up tinme | ess than 30 mi nutes

Di agnostic routines for systemcalibration, checkout and | eak
testing

Accessories and Options:

Model 1001 or Model 1001P Conpressed Air Source
Model 2500 Perneation Unit

Rack mount kit for 19" (48.3 cm equi pnent racks

Hi gh-inpact plastic transport case
FIl ow cal i brati on standard

Specifications subject to change w thout notice
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Section 2 Getting Started

This section introduces the custoner to the Model 4010 and
presents a few guidelines for getting started using the unit.

Unpacking and Power Application

Renmove the Moddel 4010 from its shipping container and check the
unit for damage. Contact the shipping conpany imediately if
the unit sustained damage in transit. Check the packing list to
verify that all items were received. Retain the origina
shi ppi ng container for warranty returns.

Tenporarily place the unit on a table or counter top in a
conveni ent spot for easy access to the front control panel.
Locate the power cable and connect it to the rear panel power
recept acl e. Plug the other end of the power cable into a
sui tabl e AC power outl et.

Start-Up

On nobst Models of the 4010, the power switch is |located on the
| oner right hand corner of the rear panel next to the power cord
i nl et connector. Sonme units nmay have a power switch |ocated on
the lower right hand corner of the front panel. Depress the
rocker switch to energize the unit.

The display should illumnate in a few seconds and
initialization nessages should appear on the display. In
approximately one mnute the nmain nenu screen should be
di spl ayed.

When under power, the Mddel 4010 pneunatics and electronics wll
begin their warm ng sequence.

Standby Operation Upon Power Up

Upon application of power to the Mdel 4010, the unit defaults
to Standby Mode. In this node, the Mdel 4010 is ready to
recei ve user commands from the front panel or external keyboard,
execute preprogrammed calibration sequences, accept commands
from the RS232 serial comunications ports or invoke sequences
based on status information received from the status
i nput/ out put ports.
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User Interface

After the Mdel 4010 has finished it's power-up sequence, the

screen shown in Figure 2-1 will be displayed on the 4010's front
panel . The operation of the Mddel 4010 is simlar to operation
of many popular Wndows applications. The front panel touch

buttons are used in conjunction wth the display when entering
Model 4010 commands. The touch buttons are active at all tines
when the unit is under power. Section 3, "System Operations”,
describes in nore detail general guidelines for operating the
Model 4010.

stem Devicesz Comm Status Dia

Fri 12-19-97 16:87:18 OUR
F2=PREU F3=NEXT F4=PAGE UP FL=PAGE DN F6=UOLTS F7=UNITS

Figure 2-1 The Main Screen
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Initial Configuration of the Model 4010

Before the Moddel 4010 can perform calibrations, it nust be
configured for the intended application. Following is the list
of tasks that nust be acconplished in order to place the unit in
proper wor ki ng order.

[1] Set the Mdel 4010's tinme and date to local tinme as
described in the Subsection "Setting the Tinme and Date" in
Section 6.

[2] Select the source gas and diluent gas. This is covered in
the "Installation" section of the manual which begins on
page 4-1.

[3] Determne source and diluent port usage on the rear panel
of the Model 4010. This is covered in the "lInstallation"
section of the manual which begi ns on page 4-1.

[4] Set up the 4010 for your specific calibrations. The "Mbdel
4010 Calibration Set-up" section, starting on page 6-1,
covers this topic.

[5] Verify and/or calibrate the flow controllers and the ozone
gener at or. This topic, covered in the section titled
"Cal i brati ng Model 4010 Conponents", starts on page 8-1.

System Operation and Maintenance Precautions

Care should be taken to |eave factory set paraneters unchanged.
Altering factory paranmeters can result in inproper operation or
even danage to the wunit. | mproper use of the diagnostic
routines can also result in danmage to the Model 4010.

When perform ng naintenance on the Mdel 4010, Power should be
renoved. Tools and small | oose parts could cause damage to the
unit if they come in contact with electrical circuits.

Anti static procedures should be used at all tinmes when working
wi th el ectronic conponents.
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Section 3 System Operation

This section presents general information about the operation of
t he Model 4010 Calibration System

Front Panel Guide

The Mbdel 4010 front panel consists of a twenty-five line by
eighty character electrolum nescent or color display, an
opt i onal power switch and fifty five buttons for system

oper ati on. A drawing of the 4010's front panel is shown in
Figure 3-1.

The front panel buttons are wused for entering commands and
information into the Mdel 4010. Provision is also nade to
support a standard IBM PC conpatible PS2 style keyboard (which
plugs into the rear panel). If an external keyboard is used
each of the front panel buttons have equivalent keys. In

addition, there are several shortcuts available on an externa
keyboard that are inpractical or wunavailable from the front
panel .

Following the front panel drawing is a listing of the 4010 front
panel buttons and their functions. | f the equival ent external
key is not obvious from the button name, it is indicated in
par ent heses.
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Figure 3-1 The Model 4010 Front Panel
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Button Description

Function Buttons:

F1-F7 Function key or button wusage varies
somewhat throughout the Mbdel 4010
sof tware application. The nost common
usage foll ows. Their active usage is
given on the bottom status line of the
appl i cation. Generally speaki ng,
buttons Fl1 - F5 are used consistently
t hroughout the application.

F1 F1 is reserved for future wuse and
currently has no function.

F2 (Shift TAB) F2 functions as a Back Tab button for
nmovi ng backward fromfield to field.

F3 (TAB) F3 functions as a Tab button for noving
forward fromfield to field.

F4 (Page Up) F4 functions as a Page Up button to
nove to the previous page or screen.

F5 (Page Down) F5 functions as a Page Down button to
nove to the next page or screen.

F6 The F6 button often operates as a
toggle button when machine status is
di spl ayed. It allows the wuser to
sel ect whet her system nonitor and
control signal s are vi ewed in

engi neering or voltage units.

F7 The F7 button often operates as a
toggle button when machine status is
di spl ayed. It allows the wuser to

change the engineering units in which
numeri c val ues are di spl ayed and
ent er ed.



System Operations

Page 3-4

Button Description

Special Function Buttons:

Standby (Home)

Sun Button

Status (F8)

Purge (1)

Audit (F7)

Set-up (F10)

Diag (F11)

In nost instances the standby button is
used to bring the user back to the nmain
menu and place the Model 4010 in
standby node to await further commands.

The sun button is wused to illumnate
the display screen or blank the display
screen. In normal node, the button is
pressed to illumnate the display

screen and in alternate node, pressing
the button invokes the screen saver to
bl ank the screen.

The status button is used to obtain
updated status information about the
operation of the calibrator.

The purge button nonentarily activates
the purge valve for flushing calibrator
source mani fold pneumati cs.

This button is used to place the
calibrator in run calibration sequence
node. If a sequence is active, the
user will be returned to the "Select a
Poi nt" screen to change points.

This button is wused to initiate the
setup of calibration sequences.

Thi s button is normally used to
activate t he di agnosti cs sel ection
menu. If a status screen is active
when the Diag button is pressed,
however, it causes Debug Mde to be

selected, allowing control wvalues in
the status screen to be changed.
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Report (F12)

End Sequence (Esc)

Button Description

This button is wused to output the
current screen contents to a printer
attached to the parallel printer port.

This button serves as an "Escape" Kkey,
backing out of edit screens and nenus.
Wen in standby node, it is also
termnates calibration sequences that
are under way.

Cursor Control Buttons:

Left Arrow

Right Arrow

Down Arrow

Up Arrow

Edit Buttons:
DEL

INS

This button is used to nove the cursor
to the left.

This button is used to nove the cursor
to the right.

This button is used to nove the cursor
down or to scroll down.

This button is used to nove the cursor
up or scroll the display up. On sone
occasions it nay be used to nove to the
previ ous nenu item

This is the character del ete button.

This is the character insert button.
It toggles the edit functions between
insert node and overtype node.

Wen the edit function is in insert
node, the INS nessage is displayed on
the status bar in the lower right hand
portion of the screen. Overtype node
is active when the OVR nessage is
di spl ayed on the status bar.
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<-BS

Space

Enter

Button Description

This is the back space button.

This is the space character button.

This button is used to register field
edits, select a nmenu item and nove to
the next or previous nenu |evel. The
large Enter registers actuation by
pressing the left or right side of the
but t on.

Keypad Shift Button:

Alt

Other Alpha/Numeric

Buttons

Special External Keyboard Keys:

ALT-D

ALT-X

ALT-M

The Al t but t on t oggl es t he
al pha/ nuneric buttons Dbetween al pha
characters (those displayed 1in the
upper left corner of the button) and
the nuneric or special function.

An ALT nessage is displayed on the
status bar in the Ilower right hand
portion of t he screen when t he
alternate keys are active.

The r emai ni ng but t ons are used
for normal al pha/nuneric data entry.

This key toggles debug node on or off.
When in Debug node, control values in
the status screen may be changed.

Exit to DOCS.

Check nenory. The available nmenory is
di spl ayed on the status |ine.
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ALT-U Change the engineering units for the
selected field.

ALT-V Toggle the screen between voltage and
engi neering units.

Button Description

Special External Keyboard Factory Test Keys:

--- CAUTION - - -

The follow ng special keys are normally used
only at the factory for testing purposes.
| nproper use of these functions or |eaving
the 4010 is a test node could result in a
mal function of the unit.

ALT-QQui ck node. This special test node is wused for
testing sequence timng. Wen in quick
node, each mnute in a sequence is
equal to one second.

ALT-HFake Har dwar e. This special test node is used at the
factory for software testing. When
fake hardware is selected, the nornal
4010 hardware is bypassed and simnmul at ed
in software.

ALT-W Anal og input averaging node. Thi s
function is wused for factory testing
and allows four analog input processing
options to be sel ected:

No Z/S Adjust The automatic zero and span
adj ust mrents are di sabl ed.

No Averaging The rolling average that
snoot hes t he anal og i nput
data i s disabl ed.

No Avg or Z/S Both averagi ng and
automati c zero/ span
adj ustnrents are di sabl ed.
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Normal Nor mal node wi th averagi ng
and zero/ span adj ust nment.

Main Screen Layout

The Mdel 4010's nmmin screen, displayed after the power up
sequence has been conpleted, allows operator interaction using a
famliar w ndows-style interface. Figure 3-2 is an exanple of
the Main Screen as it would appear when setting the system tine
and date.

Status Dia

Segquences Gases

System Parameters ...
System Info ...
Se
Re Set System Clock
Ex

Date CJINEEREETN >:  BA1.-88.98
Time ¢ hh:mm:=ss »: 16:31:47

Thu B1-B8-98 16:32:12 Seqg: DILUTION Point: 2 COM1 COM2 ALT OUR

F2=PREV F3=MEAT F4=PAGE UP F%=PAGE DN F6=UOLTS F7?=UNITS

Figure 3-2 The Main Screen

The main screen consists of four parts: the nmenu bar at the
top, a status line near the bottom a function key line at the
bottom and a large central area for displaying w ndows and
screens.

The nmenu bar at the top supports drop-down nenus and sub-nenus.
To select an item nove the selection highlight with the arrow
keys to the item of choice and then press the enter button. The
end sequence (escape) button is wused to exit or abort the
current operation or to back up through the nenus.
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If an external keyboard is used or if the 4010 is being operated
remotely using termnal node, a quicker way of selecting nenu
itens is available. Each nmenu or sub-nenu item has a "shortcut”
letter associated with it. By entering the shortcut |etter when
a nenu is displayed, the associated nenu item will be selected.
There is no need to press Enter after a shortcut letter, so
entering a string of shortcut letters is a quick way to navigate
a menu pat h.

Since the display does not support gray-scales, the shortcut
letters are not evident from the front panel, but they are
usually the first letter of the nenu item For exanple, by
entering "SE' on an external keyboard, the Sequence Edit screen
wi || be sel ected.

When operating the 4010 via a serial port in termnal node, the
shortcut keys are indicated as a different color, as shown in
the figure bel ow

TN Gases System  Devices Comm  Status  Diag

Run »
RBemote Activation »
Schedule ...

Jiew

Mew ...

Delete ...

Ahort ...

Figure 3-3 External Keyboard Shortcuts in Terminal Mode

Near the bottom of the screen, a status line displays
i nformati on about the current state of the 4010. The foll ow ng
information may be found on the status |ine:

Time and Date The current tinme and date is always
di splayed at the left side of the
status |ine. The format in which the

date is displayed may be changed from
the Set Tinme and Date screen under the
Syst em nenu.

Status message To the right of the status line, a
short status nessage may be displ ayed.
This message mght indicate that a
certain node of operation has been
selected or, if a sequence is active,
wll indicate the active sequence nane
and point.
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COM1, COM2 To the right of the status nessage
area, a COML and/or COM2 indicator wll
appear when t he associ at ed

communi cation port is active.

ALT If the ALT key is pressed on the front
panel, an "ALT" indicator will be shown
on the status |ine. Pressing buttons

on the front panel while in ALT nobde
causes the alternate key definitions
(indicated to the wupper left of the
key) to be sel ected.

OVRI/INS To the far right of the status line the
"OVR' i ndi cat or is usually shown,
i ndi cating t hat t he uni t is in
overwite node. Pressing the Ins
button wll change this indicator to
"INS" indicating that insert nobde has
been sel ect ed.

The bottom line of the screen displays the functions associated
with the seven function keys, F1 through F7.

The remaining portion of the screen is used to display nenus
setup screens and system status information.

A screen saver programw ||l blank the screen if there is no user
input from the keypad/ keyboard or serial comunications ports.
To bring the screen back, press the sun button.
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Main Menu Topics

The current Menu is broken up into seven main topics: Sequences,
Gases, System Devices, Comm Status and D ag. A brief
description of each main nenu itemfollows. Note the underlined
letter in each nmenu nanme, which represents the shortcut key that
i s avail abl e when using an external keyboard.

Sequences The Sequences nenu item invokes screens
for defi ni ng, edi ting, Vi ewi ng,
del eti ng, runni ng and aborting

cal i bration sequences.

Gases The Gases nenu item invokes screens to
define gas table itens, gas standards
and assign gas standards to ports.
Screens are provided for defining,
editing, viewng, and deleting these

itemns.
System The System nenu is wused to set-up
system paraneters, set the clock,

restart the program and exit to the DOS
operating system

Devices The dilution unit, ozone generator and
the optional perm oven and photoneter
are covered under the Devices topic.
Options, paraneters, and calibration
routines are provi ded for t hese

devi ces.

Comm The Communications topic is used to
configure the serial communi cat i ons
ports for renot e term na
comuni cat i ons or comand node
oper ati on.

Status The Status option is used to display
status information for the system when
it IS idle or while calibration

routi nes are running.

Diag System diagnostic routines are nade
avai l abl e by the Diag nmenu option.
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Using the 4010 Screens

Most nenu selections result in a screen being activated.
Several types of screens may be displayed while operating the
4010:

Error Popup If an error occurs while operating the 4010, an
Error Popup containing the error nessage wll be
di spl ayed. The Error Popup will prevent any other
actions wuntil it is acknowl edged by pressing the
Enter button.

Confirmation Sonetinmes, when a critical operation is perforned,

Popup the 4010 will pop up a box asking if the user really
wants to do that. For exanple, when the End Sequence
button is pressed after sonething has been changed in
an Edit Screen, the followi ng box will be popped up:

Yes to save changes.
Mo to dizcaed.

BT Mo

Confirmati on Popups renmain active, preventing any
ot her actions, until the user responds by positioning
the highlight over the appropriate response and

pressing Enter. If an external keyboard is being
used, the user can respond sinply by pressing "Y' or
"N'. Pressing End Sequence causes the Confirmation

Popup to disappear, returning the wuser to the
original screen w thout changi ng anyt hi ng.

View Screen Some screens are displayed for i nformati ona
pur poses only. View Screens generally allow
configuration information to be viewed, but don't
allow the contents to be altered. View Screens my
be renoved by pressing the End Sequence key.

Status Screen Status Screens contain information about the current
operation of the 4010. Information presented in
these screens is updated each second. Status Screens
are renoved by pressing the End Sequence key.
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Edit Screen Edit screens allow the user to enter or change
i nformation. Pressing Escape after making a change
to an Edit Screen will cause a Confirmation Popup to

appear, asking if the screen should be saved.

Edit Screens

Edit screens are the main nechanism by which a user configures
the 4010. These screens are usually called up by selecting nenu
itenms associated with setup functions and contain one or nore
"fields" for entering or changing data.

Using Edit screens is very sinple. Usual ly, the F2 (Shift-TAB)
and F3 (TAB) keys are used to nove the cursor to the field that
contains the data to be entered or changed. Alternatively, the
Enter button may be used to nove to the next field. After
entering the appropriate information, the Enter button can be
pressed or the cursor noved to another field in order to confirm
t he change. | f inappropriate information is entered into the
field, an Error Popup will be presented when an attenpt is nmade
to confirmthe change.

Pressing the End Sequence button will exit the Edit Screen. The
contents of the screen will be validated at this tinme and an
Error Popup will be presented if sonmething is wong. If there
is a validation error, the Error Popup nust be acknow edged and
the error corrected before continuing. If there are no errors,
a Confirmation Dialog will be presented asking if the changes
shoul d be saved or discarded. Selecting "Yes" wll exit the

screen and save the changes.

There are a nunber of different types of data entry fields, each
intended for entering or changing a different type of data. The
first page of the Edit Sequence screen, shown in Figure 3-4,
contains nost of the data entry field types.
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Edit Sequence (Page 1 of 3>
Segquence MName:= [DJYRINEREL,]

Segquence Type: <=} Gas Dilution Running Order: <=) Ascending

¢ ) Ozone < 2 Descending
¢ > Gaz—Phase Titration
¢ ) Multi—gas Sequence Instrument
Solenoids
Diluent Gas: 1 AIR 1[H1
Source Gas: 1 CAL STAWDARD 2L 1
Primary Gas: 1 502 JIH1]
Source MFC: 1 SOURCE 1 4[ 1
5L 1
Minimum Instrument Flow: L.888 SLPH 6L 1
Conditioning Period .. = B Minutes
1 g7 16 17 24
........ gg1a.... ........ More ...

Figure 3-4 Examples of Data Entry Fields

Foll owi ng are descriptions of the various data entry fields that
may be encountered in an Edit Screen, along with exanples taken
fromthe Edit Sequence screen.

Text Edit Field Sequence Name: DIERTINE
The Text Edit Field allows alpha-nunmeric information such
as sequence nanes, gas nanes, etc. to be entered. The

cursor may be noved around within a field by using the left
and right arrow buttons. The Del and BS buttons nay be

used to delete characters while the Ins button will toggle
the overwite/insert state, determ ning whether the entered
text will overwite or be inserted into existing text.

Integer Edit Field Period .. : 18 Minutes

The Integer Edit Field all ows whole nunbers to be entered.

Number Edit Field Flow: G5.AA@ SLPM

The Nunber Edit Field allows floating-point nunbers wth
decimal points to be entered. Sone Nunber Edit Fields have

engi neering units associated with them If so, the units
can often be changed by pressing the F7 key to toggle
through the available unit options. Changing the units

automatically causes the contents of the field to be
recal cul ated and presented in terns of the new units. This
allows nuneric information to be entered or viewed in
alternate units of neasure.
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If a nunber is too large to fit in the Nunber Edit Field

the field will be filled with "#" characters.
T T N W

Radio

Digital data, such as sequence status output or renote
control input assignments may be entered in Digital 1/0
Fi el ds. These fields are useful for entering groups of
bits and usually represent fromtwo to 24 digital 1/0O bits.
If there are nore that 8 bits in a field, they are
separated into groups of eight for clarity. The bit nunbers

are wusually indicated above the Digital 1/0O Field for
ref erence.
Bits indicated by a "." (decimal point) have been assigned

to other uses (from the Digital 1/O Goup Assignnments
screen) and are not available for entry or editing. Bits

available for editing are indicated either by a "1"
(active) or "0" (inactive).

Bits nmay be activated by entering "1", "Y' or "+",
deactivated by entering "0", "N', "-" or Space or toggled
by entering a decimal point. Wen a bit is changed with a
“1", "0", "Y', "N' or Space, the cursor automatically noves
to the next bit position. Wen changed with a "+", "-" or
".", the cursor remains in the same position.

Buttons Running Order: (=) Ascending
¢ ) Descendinyg

Radio Buttons allow an item to be selected froma |ist of
opti ons. Radi o buttons are presented in groups of two or
nmore; each group being considered as a single field. The
arrow keys may be used to nove between the radio buttons
and the Enter or Space button used to select it. The
selected item 1is indicated by an "*" inside the
parenthesis. Selecting a radio button de-selects all other
buttons in the sanme group. Sone radio buttons are intended
for answering yes/no questions. These Radio Buttons may be
selected by entering "Y' or "N'

Instrument

Check Boxes Solenoids

1LX]
2L 1
3R]
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Check Boxes are simlar to Radio Buttons in that they allow
options to be selected, however any nunber of Check Boxes

in a group nmay be sel ected. Check Boxes are selected by
entering "1", "+", "Y" or "X', de-selected by entering "0",
“-" or "N' or toggled by entering "." or Space. Though

they may be presented in groups on the screen, each Check
Box is considered to be a separate field.

Drop-down List Boxes Diluent Gas: | AIR

Drop-down |ist boxes appear simlar to Text Edit Fields,
however a down-arrow (7) to the left of the field indicates
that a selection |list may be dropped by pressing the down
arrow or Enter button. When dropped, the Drop-down List
Box presents a list of options, as shown bel ow

Diluent Gas: |

NH3
C4H1A@
co2

CZHe 1

The Desired item may be selected fromthe Iist by using the
up and down arrows to position the cursor and then pressing
Enter. Arrows to the right of the list indicate when there
are nore itens bel ow or above the visible area of the box.
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Section 4 Installation

This section describes the initial installation of the Model
4010 and presents considerations for inproving the quality of
cal i brations.

Placement

The Model 4010 may be nounted in a 19 inch equi pnment rack or set
on a | aboratory counter top or other bench. Use extrene care in
its placenent. Allow at least 2 inches of clearance on the
sides. The lower front panel bezel of the unit contains the air
intake vents and the rear panel Electronics Unit contains the
exhaust fan that must remain unobstructed at all tinmes. In rack
nount install ations, adequat e air circul ation nmust be
mai nt ai ned.

--- CAUTION - - -

Do not install the Mdel 4010 near devices
which produce large nmagnetic or electric
fields. The calibrator and air source
should not be installed imrediately next to
each ot her.

Environment

Room tenperature nust be maintained in the range of 10 - 300 C
(20 - 309 C to neet EPA requirenents). Under no circunstances
should room or rack tenperature be allowed to exceed 400 C
| mproper installation may greatly decrease the reliability of
the Mdel 4010 and associated equipnent. Adequat e cl earance
should be maintained on all sides of the unit to ensure proper
air circulation and proper operation.

The unit should be operated in a dust free environnment to ensure
that dust and lint do not build up on delicate electronic
conponents. Air intake and exhaust vents should be cleaned on a
regul ar basis to maintain adequate airfl ow.
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Source Gas Cylinder Selection

When choosing source gas cylinder concentrations keep in mnd
t he foll ow ng:

The standard Model 4010 flow controller ranges are a 0 - 100
cc/mn for the source gas flow controller and a O - 10, 000
cc/mn for the diluent gas flow controller.

Optional Model 4010 flow controller ranges are typically 0 -
50 cc/mn for the source gas flow controller and 0 - 20, 000
cc/mn for the diluent gas flow controller.

Typical dilution ratios for the standard flow controller
ranges (100 cc/mn source flow controller and 10,000 cc/mn
dilution flow controller) are approximtely 40:1 to 2,001:1
when a mininmuminstrument flow of 4,000 cc/mn is delivered to
the Span Gas Qutput ports.

The | ow end of each flow controller (usually 5% of maxi mum
flow) is not used.

The dilution ratios vary with flow controll er conbinations,
flow controller curves, and instrunent flow requirenents.

St abl e gas bl ends are accept abl e.

The calculation for a unit equipped with a 10,000 cc/mn dil uent
flow controller, a 100 cc/mn source flow controller and a
m ni num of 4,000 cc/mn instrunent flow are as foll ows:

Desired Instrunment Span Points: 50 - 490 PPB

M ni rum D | uent Fl ow 0.05 * 10,000 cc/mn

500 cc/min

Maxi mum Di | uent Fl ow 1.00 * 10,000 cc/mn

10, 000 cc/min

0.05 * 100 cc/mn
5.0 cc/mn

M ni mum Source Fl ow

1.00 * 100 cc/nmin
100 cc/mn

Maxi mum Sour ce Fl ow
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100 cc/mn
MnimumDilution Ratio = ----------------------------
100 cc/mn + 3,900 cc/mn

= 2.5 * 10-2 or 40:1

Note: Diluent Flow 4,000 cc/mn - 100 cc/mn

3,900 cc/mn

5 cc/nmin
Maximum Dilution Ratio = -----------------------
5 cc/mn + 10,000 cc/nin

= 5.00 * 10-4 or 2,001:1
Note: Diluent Flow is maxi mum and Source Flow is
m ni mum
Desired Instrunment Span Points: 50 - 490 PPB
Concentration Range for 50 PPB Point:

50 PPB * 40.00
50 PPB * 2,001

2,000 PPB or 2.00 PPM
100, 050 PPB or 100. 05 PPM

Concentration Range for 490 PPB Point:

490 PPB * 40. 00
490 PPB * 2,001

19,600 PPB or 19.6 PPM
980, 490 PPB or 980.49 PPM

From t he above cal culation, a good choice would be for the gas
cylinder concentration to be in the range of 19.6 PPM to 100. 05
PPM If a gas cylinder concentration of 60 PPM was chosen then
the foll ow ng range of concentrations could be produced:

Low Point = 60 PPM* 5.00 * 10-4
= 30.00 PPB
High Point = 60 PPM* 2.50 * 10-2

1, 500 PPB
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If a gas blend is desired, simlar calculations are required for
each of the blends. For further information, please contact the
factory.

Permeation Tube Selection

When choosing perneation tube perneation rates keep in mnd the
fol | ow ng:

Nom nal flow through the Mddel 4010 Perneation Oven is 94
cc/mn and the nom nal oven operating tenperature is 400 C
The vol une of the Mbddel 4010 perneation oven is approximtely
94 cc. The reconmmended flow through the perneation oven is a
m ni mum of one vol une change per m nute.

The standard Model 4010 diluent flow controller range is O -
10,000 cc/mn. Optional Mdel 4010 diluent flow controller
range typically 0 - 20,000 cc/ mn.

Typical dilution ratios for the standard diluent flow
controll er ranges and perneation oven flow are approxi mately
21.28:1 to 107.38:1 when a mninmum flow of 2,000 cc/mn is
delivered to the Span Gas CQutput ports.

The top | ow end of each flow controller (usually 5% of maxi mum
flow) is not used.

The dilution ratios vary with flow controll er conbinations,
flow controller curves, perneation oven flow and instrunent
fl ow requirenents.

Mul ti pl e tubes or tube types may be placed in the perneation
oven. Consult your perneation tube manufacturer for specifics
on tube conpatibilities.

The cal cul ations for a Mddel 4010 equipped with a 10,000 cc/mn
diluent flow controller, a Mydel 4010 Perneation Oven with a 94
cc/mn source flow and a m ni num of 2,000 cc/mn instrunment flow
are as foll ows:

Desired Instrument SOy Span Points: 100 - 400 PPB

0.05 * 10,000 cc/mn
500 cc/nmin

M ni mum Di | uent Fl ow
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1.00 * 10,000 cc/mn
10, 000 cc/min

Maxi mrum Di | uent Fl ow

94 cc/nmn

Per meati on Oven Fl ow
94 cc/nmin

MnimumDilution Ratio = ------------------------
94 cc/mn + 1,906 cc/mn

= 4.7 * 10-2 or 21.28:1

Note: Diluent Flow = 2,000 cc/nmin - 94 cc/mn
= 1,906 cc/mn
94 cc/nmin

Maximum Dilution Ratio = -------------------------
94 cc/mn + 10,000 cc/mn

= 9.31 * 10-3 or 107.38:1

Note: Diluent Flow is nmaxi mum

Desired SOy I nstrunment Span Points: 100 - 400 PPB
Oven Qut put Concentration Required for 100 PPB Poi nt:
100 PPB * 107.38 = 10,738 PPB or 10.738 PPM
Maxi mum Concentration That Mddel 4010 Can Cenerate:
10. 738 PPM/ 21.28 = 504.61 PPB
From t he above cal cul ation, a good choice would be for the Mdel
4010 Perneation Oven to generate a gas concentration of 9 PPMto
ensure that the 100 PPB point can be generated. |If a perneation

tube was chosen to generate a gas concentration of 9 PPM then
the foll ow ng range of concentrations could be produced:

9 PPM* 9.31 * 10-3
83.79 PPB

Low Poi nt
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9 PPM * 4.7 * 102
423 PPB

Hi gh Poi nt

To calculate the perneation rate in ng/mn for an SOy perneation
tube, performthe follow ng cal cul ati ons:

FC 94 * 9
Perneation Rate, P=-- = ------
Km 0. 382
= 2,214.7 ng/ mn
VWhere F Permeati on Oven Flow Rate, cc/nin

C = Qutput Concentration, PPM
= Mol ar Constant for SOy fromFigure 4-1

For this application a 2,215 ng/nmn at 400 C SOy perneation tube
woul d be purchased.

Tabl e 4-1 Common Ml ar Constants

Gas Formula Km
Ammoni a NH3 1. 439
Hydrogen Sul fide HS 0.719
Ni trogen Di oxide NOp 0. 532
Sul fur D oxi de SOy 0. 382

If a gas blend is desired, simlar calculations are required for
each of the bl ends.

For further information, please contact the factory.
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Diluent Selection

When choosing diluents keep in mnd the foll ow ng:

For a clean air source, the recommended choice is a Sabio
Engi neeri ng Model 1001 Conpressed Air Source.

The rack nountabl e self contai ned Model 1001 provides 22
liters/mn of air at 25 psig, a surge/condensate tank

regul ated output with pressure relief valve, 0 - 60 psig

out put gauge, first stage air cleanup, brushless/oil free
conpressor, and an automati c condensate purge on power down.
A catalytic oxidizer and internal perneation dryer are al so
avai |l abl e.

An alternate air source should be able to provide clean air
with a regul ated out put pressure of 25 - 30 psig at a m ni mum
flowof 20 liters/mn for a Mddel 4010 equi pped with a 10, 000
cc/mn diluent flow controller. A Mdel 4010 equi pped with a
20,000 cc/mn flow controller requires a m ni num of 22
liter/mn air output at 25 psig pressure.

Gas cylinders with clean diluents such as air or nitrogen are
al so acceptabl e, however if the ozone generator is used, the
di luent nust be air with the normal percentage of oxygen. A
regul ator should be attached to the gas cylinder to regul ate
the flowto 20 - 25 psig.

Source and Diluent Port Usage

Source gas cylinders can be connected to Source 1 through
Source 4 and optionally Source 5 through Source 6 Gas | nput
Ports.

An optional Mdel 4010 or Mdel 2500 Perneation Oven may be
connected to the optional External Perm |nput Port.

The air diluent should be connected to the Diluent 1 |nput
Port. Air connected to this port nust be well filtered of
particul ates, dry and free of |ow | evel pollutants.

Gas cylinder diluents should be connected to the optional
Diluent 2 Input Port.
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Dilution Calibrator Pneumatic Connections

A rear panel drawing of the Mdel 4010 Dilution Calibrator is
shown in Figure 4-1. Teflon or stainless steel tubing should be
used for pneunatic connections. Teflon tubing is preferred for
Ozone anal yzer connecti ons.

The conpressed air source (Sabio Engineering Mdel 1001) is
normally connected to the Diluent 1 Input Port. Connect the
conpressed air source input port to the system sanple manifold.
The air source nmust be capable of supplying a constant pressure
of at l|east 25 psig. An alternate diluent (nmust be clean and
dry) nmay be connected to the Diluent 2 Input Port. Di | uents
must be regulated to prevent danmage to the Mdel 4010.
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Source gases are connected to Source Gas Input Ports, 1 through
4 and optionally Source Gas Input Ports 5 and 6. Source gas
pressures must be regulated to 20 - 25 psig to prevent danmage to
t he Mbdel 4010. Cap all unused Source Gas | nput Ports.

An optional Sabio Instrunents Mdel 4010 or Mbdel 2500
Pernmeati on Oven nay be connected to the optional Perm Tube | nput
Port.

The Purge port should be connected to the system exhaust
mani f ol d. I nstrunent exhaust ports should al so be connected to
t he system exhaust manif ol d.

On all versions of the Mdel 4010 calibrators, zero gas is
avai l abl e through the Span Gas Qut ports when a zero point is
pr oduced.

The Vent Qutput Port should be connected to the system exhaust
mani f ol d. I nstrunent Span Gas |nput ports are connected to the
remai ning Span Gas Qut Ports, 1 through 7 starting with port 1.
Cap all Span Gas Qut ports that do not have connecti ons.

Power

The standard operating voltage for the Mddel 4010 calibrators is
96 - 264 VAC at a frequency of 50/60 Hz. The power consunption
for the Mdel 4010 is approximately 150 - 300 VA Ensure that
the power source is rated properly. An adequate earth ground
must be available through the AC power plug to ensure safe
operation of the unit and to prevent electrical shock hazard.

Parallel Printer Data Port

A standard, off-the-shelf, parallel port printer data cable with
a DB-25 connector on the Mdel 4010 printer port end and a
Centronics port connector on the other end will generally work
for connections between the Mdel 4010 and the printer in nost
i nstances.

The Parallel Printer connector J1 on the rear panel of the Mbdel
4010 is a fenmal e type DB-25 connector.
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Tabl e 4-2 Parallel Printer Port Connections

4010 J1

J1-1
J1-2
J1-3
J1-4
J1-5
J1-6
J1-7
J1-8
J1-9
J1-10
J1-11
J1-12
J1-13
J1-14
J1-15
J1-16
J1-17
J1-18
J1-19
J1-20
J1-21
J1-22
J1-23
J1-24
J1-25

SI GNAL SI GNAT

URE

STROBE

DATA BI T
DATA BI' T
DATA BI' T
DATA BI' T
DATA BI' T
DATA BI' T
DATA BI' T
DATA BI T

O~NOOIAWNE

ACKNONLEDGE

BUSY

PAPER OUT

SELECT

AUTO FEED ERROR

ERROR

| NI TI ALI ZE PRI NTER

SELECT |
D G TAL
D G TAL
D G TAL
D G TAL
D G TAL
D G TAL
D G TAL
D G TAL

NPUT

GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
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Keyboard Port

A standard, off-the-shelf, PCAT type keyboard may be connected
to J2. A 6 pin circular mni-din femal e connector is provided
on the rear panel of the Mdel 4010 for this purpose.

Tabl e 4- 3 External Keyboard Port Connections

4010 J2 SI GNAL S| GNATURE
J2-1 KEY DATA
J2-2 NO CONNECTI ON
J2-3 Dl G TAL GROUND
J2-4 +5 VOLTS
J2-5 CLOCK
J2-6 NO CONNECTI ON

RS-232 Serial Communications Port 1

The cabl e should be equipped with a 9 pin fermale D connector on
one end and an appropriate connector on the other end.

The COML connector J3 on the rear panel of the Mdel 4010 is a
mal e type DB-9 connector.

Tabl e 4-4 Communications Port 1 Connections

4010 J3 SI GNAL S| GNATURE
J3-1 DATA CARRI ER DETECT
J3-2 RECEI VE DATA

J3-3 TRANSM T DATA

J3-4 DATA TERM NAL READY
J3-5 DG TAL COMVON

J3-6 DATA SET READY

J3-7 REQUEST TO SEND
J3-8 CLEAR TO SEND

J3-9 RI NG | NDI CATOR
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RS-232 Serial Communications Port 2

The cable should be equipped with a 9 pin fermale D connector on
one end and an appropriate connector on the other end.

The COMR connector J4 on the rear panel of the Mdel 4010 is a
mal e type DB-9 connector.

Tabl e 4-5 Communications Port 2 Connections

4010 J4 SI GNAL SI GNATURE
J4-1 DATA CARRI ER DETECT
J4-2 RECEI VE DATA

J4-3 TRANSM T DATA

J4-4 DATA TERM NAL READY
J4-5 DA TAL COMVON

J4-6 DATA SET READY

J4-7 REQUEST TO SEND
J4-8 CLEAR TO SEND

J4-9 RI NG | NDI CATOR

RS-232 Serial Communications Cable, Model 4010 to PC

A null nodem cable is required when connecting the Mdel 4010 to
a personal conputer for downloading software updates, renote
control or other applications. The cable should be equipped
with a 9 pin female D connector on the Model 4010 serial
comuni cation port end for COM or COM and a 9 pin female D
connector or 25 pin female D connector on the PC end. The pin
outs for the null nodem cable are given in Table 4-6. Note that
the Pin 1 (CD) and Pin 6 (DSR) are tied together on each end of
the cable since sone termnal prograns require the CD line to be
pul | ed hi gh.
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Tabl e 4-6 Model 4010 to PC Connections

4010 PC PC

9 PIN S| GNAL 9 PIN 25 PIN
S| GNAL SI GNATURE FEMALE FLOW FEMALE FEMALE
CARRI ER DETECT CD 1 Cemmmmmo - 4 20
RECEI VE DATA RXD 2 Commmmm o 3 2
TRANSM T DATA TXD 3 e > 2 3
DATA TERM NAL READY DTR 4  eeeeeee--- > 6,1 6, 8
DI 3 TAL COMMON GN\D 5 o eoooo--- 5 7
DATA SET READY DSR 6 emmmmm oo 4 20
REQUEST TO SEND RTS 7 meemmea--- > 8 5
CLEAR TO SEND CTS 8 emmmm oo 7 4
RI NG | NDI CATOR RI 9

RS-232 Serial Communications Cable, Model 4010 to Modem

A nmodem cable is required when connecting the Mdel 4010 to a
nodem for downl oadi ng software updates, renote control or other
appl i cations. The cable should be equipped with a 9 pin fenale
D connector on the Mdel 4010 serial comunication port end for
COML or COM and a 9 pin female D connector or 25 pin female D
connector on the PC end. The pin outs for the nodem cable are
given in Table 4-7.

Tabl e 4-7 Mbdel 4010 to Modem Connecti ons

9 PIN S| GNAL 25 PIN
S| GNAL SI GNATURE FEMALE FLOW MALE
CARRI ER DETECT CD 1 Smmmmm - - 8
RECEI VE DATA RXD 2 emmmmm oo 3
TRANSM T DATA TXD K > 2
DATA TERM NAL READY DTR 4 - > 20
DI G TAL COMVON G\D 5 oo Z
DATA SET READY DSR 6 Cemmmmm oo 6
REQUEST TO SEND RTS 7  -e-------- > 4
CLEAR TO SEND CTS 8 Semmmme oo 5
RI NG | NDI CATOR RI e J S 22
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Status Input/Output Port

The Moddel 4010 Calibrators are equipped wth 24 digital
| nput / Qut put bits which may be progranmed to control calibration
sequences and provide status output information on the
cal i bration process.

Rel ay contact closures or TTL logic connected to the appropriate

bit(s) and corresponding commobn(s), are used to activate
programmed calibration sequences. The active state is with the
contact closed or a logic level of O for TTL | ogic. The TTL
device nust be capable of sinking 1 ma of current (5 mw of
power) per Dbit. All  unused |eads should be covered wth
i nsul ati on.

Status output ports can be wused to interface wth QOpto-22
devices. The signal levels are TTL voltages. The current into
the pulled-up open collector transistor outputs should not
exceed 20 na. The bits are low in their active state. For
exanple if Instrunment 1 bit were activated, the collector would
be pulled | ow

--- CAUTION - - -
Under no circunstances should the -current

into each control output bit be allowed to
exceed 20 nma.

The signatures and connections are shown in Table 4-8, below
See Figure 4-1 for pictorial drawing of the rear panel.

The Status |nput/Qutput connector J6 on the rear panel of the
Model 4010 is a femal e type DB-50 connector.



Installation Page 4-16

Tabl e 4- 8 Status Input / Output Port Connections

4010 J6 SI GNAL S| GNATURE
J6-1 STATUS I/OBIT 1
J6-2 D G TAL GROUND
J6-3 STATUS I /O BIT 2
J6-4 Dl G TAL GROUND
J6-5 STATUS I/OBIT 3
J6-6 DI G TAL GROUND
J6-7 STATUS I/OBIT 4
J6-8 DI G TAL GROUND
J6-9 STATUS I/OBIT 5
J6-10 Dl G TAL GROUND
J6-11 STATUS I /O BIT 6

Tabl e 4-8 Status Input / Output Port Connections (Continued)

4010 J6 SI GNAL S| GNATURE
J6-12 DI A TAL GROUND
J6-13 STATUS I/OBIT 7
J6- 14 DI G TAL GROUND
J6-15 STATUS I/OBIT 8
J6-16 Dl G TAL GROUND
J6-17 STATUS I/OBIT 9
J6-18 Dl G TAL GROUND
J6-19 STATUS I /O BIT 10
J6- 20 DI G TAL GROUND
J6-21 STATUS I /O BIT 11
J6- 22 DI A TAL GROUND
J6- 23 STATUS I /O BIT 12
J6-24 Dl G TAL GROUND
J6- 25 STATUS I /O BIT 13
J6- 26 DI G TAL GROUND
J6-27 STATUS I /O BIT 14
J6- 28 DI G TAL GROUND
J6-29 STATUS I /O BIT 15
J6-30 Dl G TAL GROUND
J6-31 STATUS I /O BIT 16
J6-32 Dl G TAL GROUND

J6- 33 STATUS I /O BIT 17
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J6- 34 DI G TAL GROUND
J6- 35 STATUS I /O BIT 18
J6- 36 Dl G TAL GROUND
J6- 37 STATUS I /O BIT 19
J6- 38 Dl G TAL GROUND
J6- 39 STATUS I /O BIT 20
J6-40 DI A TAL GROUND
J6-41 STATUS I /O BIT 21
J6-42 Dl G TAL GROUND
J6-43 STATUS I /O BIT 22
J6-44 Dl G TAL GROUND
J6-45 STATUS I /O BIT 23
J6- 46 DI A TAL GROUND
J6-47 STATUS I /O BIT 24
J6- 48 DI A TAL GROUND
J6-49 NO CONNECTI ON
J6-50 Dl G TAL GROUND

Instrument Audit Analog Input/Output Port

A standard, off-the-shelf, serial data cable with a 25 pin D
mal e connector and clip on leads is supplied as part of the
instrunment audit option. A custom cable may be required to neet
specific custonmer needs. The cable should be equipped with a 25
pin male D connector on one end and appropriate connections on
t he ot her end.

Care should be taken to avoid ground |oops and to prevent damage
to sensitive analog input circuitry. Anal og input signals
shoul d be a maxi mum of 10 Volts DC or |ess.
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Tabl e 4-9 Audit Port Connections

4010 J7 SI GNAL S| GNATURE
J7-1 CHASSI S GROUND
J7-14 CHASSI S GROUND
J7-2 DAS 1 OUTPUT

J7-15 ANALOG GROUND
J7-3 DAS 2 QUTPUT

J7-16 ANALOG GROUND
J7-4 DAS 3 OUTPUT

J7-17 ANALOG GROUND
J7-5 DAS 4 OUTPUT

J7-18 ANALOG GROUND
J7-6 AIN 1 I NPUT +
J7-19 AN 1 I NPUT -
J7-7 AN 2 I NPUT +
J7-20 AN 2 | NPUT -
J7-8 AN 3 I NPUT +
J7-21 AN 3 I NPUT -
J7-9 AN 4 | NPUT +
J7-22 AN 4 | NPUT -
J7-10 ANALOG GROUND
J7-23 ANALOG GROUND

Air Source Activation Port

A standard, off-the-shelf, serial data cable with all pins wred
one to one on both ends will work for connections between the
Model 4010 and the Sabio Engineering Mdel 1001 Conpressed Air
Sour ce. A custom cable may need to be fabricated for other
Conmpressed Air Sources. The cable for activating a Mdel 1001
should be equipped with a 9 pin male D connector for the Model
4010 end and a 9 pin fenmale D connector for the Mdel 1001 end.
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The out put nodule which activates the air source is configured
at the factory to provide swtched 12 volts DC When using an
alternate conpressed air source, current draw should be limted
to 200 nma. I nductive | oads such as solenoids and relays nust
have snubber diodes in parallel with their coils. The di ode
anode shoul d be connected to J8-6.

The Air Source Control connector J8 on the rear panel of the
Model 4010 is a femal e type DB-9 connector.

Tabl e 4-10 Air Source Activation Port Connections

4010 J8 S| GNAL SI GNATURE

J8-1 CHASSI S GROUND

J8-2 AIR ON H GH (Swi tched DC)
J8-6 AR ON LOW ( Anal og G ound)

Photometer Analog Output Connections

If the Photoneter option is installed and the Photoneter's
output is to be nonitored by a strip chart recorder, datal ogger
or other external device, a cable mnust be mde wth the
connections listed in the Table, bel ow

Tabl e 4-11 Phot oneter Anal og Qut put Connections

4010 J9 SI GNAL S| GNATURE

Jo-1 CHASSI S GROUND
J9-2 DAS AUT 1

J9-3 DAS QUT 2

J9o-4 DAS QUJT 3

J9-5 RESERVED

J9-6 CHASSI S GROUND
J9o-7 GROUND

J9-8 GROUND

J9-9 GROUND
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In addition to the physical wring connections, the analog
out put paraneters nust be set up for the specific application
The 4010 allows the scaling and averagi ng of each anal og out put
to be independently set from the Photoneter Paraneters screen,
as descri bed begi nning on Page 9-12.

Instrument Solenoid Connections

If the Instrunment Solenoid option is installed, externa
solenoid valves my be attached to connector J10 and
automatically activated when an associated calibration Sequence
or Point is active. J10 is located on the option nodule's rear
panel (see Figure 4-1), which may al so support other connectors
related to the Photonmeter or Perneation Oven, depending upon
what options are installed.

Tabl e 4-12 I nstrument Sol enoi d Connecti ons

4010 J10 SI GNAL S| GNATURE
J10-1 CHASSI S GROUND
J10-2 | NSTRUVENT SOLENO D 1
J10-3 | NSTRUMENT SOLENO D 2
J10-4 | NSTRUVENT SOLENO D 3
J10-5 | NSTRUVENT SOLENO D 4
J10-6 | NSTRUMENT SOLENOI D 5
J10-7 | NSTRUVENT SOLENO D 6
J10-8
J10-9 CHASSI S GROUND
J10-10 GROUND
J10-11 GROUND
J10-12 GROUND
J10-13 GROUND
J10-14 GROUND

J10-15 GROUND
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Each Instrument Sol enoid output provides 24 Volts when active
and is capable of directly driving an external 24 Volt Sol enoid
Val ve. Al though each output can power solenoid valves requiring
up to 9 Watts of power, only a total of 9 Watts may be supplied
fromthe 4010's power supply at any one tinme. Odinarily, since
only one or two Instrunment Solenoids will be active at a tineg,
this is sufficient.

--- CAUTION - - -

Under no circunmstances should the total
current drawn from all Instrunent Sol enoids
exceed 375mA (9 Watts at 24 Volts) at any
one tine.

Which Instrument Solenoid is to be activated for a given
calibration Sequence or Point is determned by the Sequence
Setup screen, which is described in nore detail in the section
"Defining Calibration Sequences", starting on Page 6-8.
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External Permeation Oven Connections

If the External Perneation Oven is installed, it is connected
via a cable attached to J1l. J11 is located on the option
nodul e's rear panel (see Figure 4-1), which may also support
other connectors related to the Photoneter or |nstrunent
Sol enoi d opti ons.

Tabl e 4-13 External Perneati on Oven Connecti ons

4010 J11 SI GNAL SI GNATURE

J10-1
J10-2
J10-3
J10-4
J10-5
J10-6
J10-7
J10-8
J10-9
J10-10
J10-11
J10-12
J10-13
J10-14
J10-15
J10- 16
J10-17
J10-18
J10-19
J10-20
J10-21
J10-22
J10-23
J10-24
J10-25
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Section 5 Operation

This section introduces the custonmer to the use and day-to-day
operation of the Mdel 4010. The operations described here
assune that the 4010 has already been configured for a specific
application as described in Section 6.

Performing Automatic Calibrations

Upon power-up, the Mdel 4010 is placed in a "Standby" node,
waiting for time to perform automatic schedul ed calibrations or
to initiate calibration sequences or points in response to

remote control comands. The 4010 is always ready to initiate
automati c schedul ed calibrations unless manual calibrations are
bei ng per f or med. When per form ng manual cal i brations,
automatically scheduled calibrations will not take place, but

wi || be postponed until the next scheduled tine.

Calibration Sequences and Diluent and Source Gases nust be
defined before performng automatic calibrations. Refer to
Section 6, " Model 4010 Calibration Set-up", for nor e
i nformation.

Automatic calibrations can either be activated externally by a
device such as a data acquisition system or internally by the
Model 4010's clock. The Mddel 4010 has 24 digital 1/0O bits that
can be activated externally to initiate auto calibration
sequences. Dependi ng upon how the /0O bits are assigned, the
ext er nal device <can either step the 4010 through each
calibration point contained in the <calibration sequence or
initiate a calibration sequence, allowng the 4010's tinmer to
step through each calibration point.

Automatically timed sequences are set up as described in the
subsection "Scheduling Automatic Calibrations” in Section 6.
Externally activated sequences and sequence points are assigned
to digital 1/O bits as described in the topics "Assigning
Sequence Start Patterns” and "Assigning Point Start Patterns”,
in Section 6. Wring is covered in the subsection titled
"Status I nput/Qutput Port" Section 4.
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Calibrating Multiple Analyzers in One Calibration Session

When wusing gas blends for auto calibration of nultiple
anal yzers, the Mdel 4010 has the capability to calculate span
concentrations for each gas in the blend. For exanple, three
instruments may be calibrated sinultaneously with a gas blend
containing SOy, NO and CO One of these gases nust be assigned
as the "primary gas" when the sequence is set up; the other two
wi Il be considered secondary gases. The 4010 will automatically
calculate the concentrations of all gases in a multi-blend gas
standard and present them in the status screen. The
concentrations assigned to the primary gas for each sequence
point will determ ne the concentrations of the secondary gases,
which are calculated from the dilution ratio needed to produce
the primary gas and the relative concentrations of the secondary
gases in the gas standard.

Performing Manual Calibrations

The Mddel 4010 may be used to perform instrunent calibrations
manual |y by accessing the programred calibration sequences. The
programmed sequences are found wunder the nmain nmenu area
identified as Sequences. The Run item in the Sequences nenu
allows manual calibrations to be invoked by two nethods:
Operat or Stepped and Ti ner Stepped.

Calibration sequences and D luent and Source Gases nust be
defined before perform ng manual calibrations. Refer to Section
6, "Model 4010 Calibration Set-up", for nore information.

Each nethod of performng manual calibrations is described in
t he subsections that follow.
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Predefined Operator Stepped Manual Calibration

To perform a nmanual calibration using predefined or progranmed
sequences, performthe follow ng steps:

[1] From the Main Menu screen, select Sequences and press the
Enter button. A pop-up nenu will appear.

[2] Select Run, and press the Enter button. Anot her pop-up
menu w il appear that allows the choice of which type of
manual calibration you wi sh to use.

[3] Select QOperator Stepped from the nmenu and press the Enter
but t on. A list of sequences that have been predefined or
programmed w || appear (see Figure 5-1).

ETTIITYN Gazes System  Devicez Comm  Status  Diag

Run ]
Remote Activation
Schedule ...
View Timer Stepped ...
New ...
Edit ... Select a Seguence
Delete ...
Abort ... DILUTION
GPT
MULTI-GA%
OZ0NE

Figure 5-1 Manual Sequence Selection Menu

[4] Select the sequence containing the point you want to run.
The "Select a Point to Run" screen shown in Figure 5-2 wll
appear, displaying the Sequence Nanme and Type, the Prinmary
Gas Nane and concentrations for each point in the sequence
and a box entitled "Run Point Nunber”, which will allow the
user to select a calibration point to run.
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Zelect a Point to Run
Sequence MWame = DILUTION
Sequence Type : Gas Dilution Run Point Mumber: ZJj
Concentration Concentration
Primary Ozone Primary Ozone
Point Gaz MName ({FFB> {FPB> Point Gaz MName ({FFB> {FPB>
1 502 18R 11 502 a
2 502 2688 12 502 La
3 502 ian
4 £02 4600
5 502 LHAA
6 £02 6AA
ry 502 AR
8 £02 {51t
9 502 78R
ia £02 1888

Figure 5-2 The "Select a Point to Run" Screen

[5] Select a calibration point to run by entering a nunber
corresponding to the desired calibration point and then

press the Enter button. The sel ected sequence point wl
be started and a status screen will appear (see Figure 5-
3). The type of the status screen that appears w il depend

upon which type of sequence is started. Near the bottom of
the screen, on the status line, the nanme of the sequence
and the active point nunber will be displayed.

[ Il Gases System Devices Comm Status  Dia

Dilution Calibration Status

Engineering Units ¢ > Uoltage Units
Diluent: AIR

Dilution Flow Controllers —— Source : CAL STANMDARD
Control Monitor
—— Diluted Gases
Diluent MFC H 4_886 4.886 SLPH §02: 288 PPB
Ozone MFC ... = 1868.8 9.8 SCCH CoO: 2868 PPB
Source 1 MFC = 14.3 14.3 SCCH
Total Flow .. = L .B88A L.888 SLPH
Dilution Solenoids ——
Diluent Source Instrument
1[%1] 10€]1 40 1 il 1 4L 1
20 1 201 5L 1 201 5L 1
3L 1 wL 1 3L 1 6L 1

Output [H]1 Purge [ 1
Tue B1-/86-98 11:81:42 Se

LUTION
F2=PREU F3=HEXT F4=PAGE UP F5=PAGE DN F6=UOLTS F7=UNITS

Figure 5-3 The Sequence Status Screen
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[6] Allow an appropriate anpunt of tine for the analyzer to
stabilize before recording concentrations. When ready for
the next point, press the End Sequence button to exit the
status screen and return to the "Select a Point to Run"
screen. Sel ect another calibration point by entering the
poi nt nunber and pressing the Enter button. Repeat this
process for each calibration point.

[7] To end the calibration session, press the End Sequence
button until a box appears with Yes or No to abort the
active sequence. Sel ect Yes and press the Enter button to
abort the sequence. Select No and press the Enter button
if you wish to keep the sequence acti ve.

Timer Stepped Manual Calibration

Starting a Tiner Stepped manual calibration is very simlar to
starting an Operator Stepped nanual calibration, except that a
calibration point is not selected and the 4010 automatically
steps the sequence through each point based on the point's
dur ati on. To perform a Tinmer Stepped nmanual calibration, the
foll ow ng steps are perforned:

[1] From the Main Menu screen, select Sequences and press the
Enter button. A pop-up nenu will appear.

[2] Select Run, and press the Enter button. Sel ect Timer
Stepped from the nmenu and press the Enter button. A |ist
of the defined sequences will appear.

[3] Select the sequence you wish to run and press the Enter
but t on. The first point of the selected sequence point
will be started and a status screen relevant for the
sel ected sequence type wll appear as shown in Figure 5-3
The status |line near the bottom of the screen will indicate
whi ch sequence and point is active.

[4] At this tinme the 4010's tinmer will be in control of the
calibration process and wll step through each calibration
point in the sequence. The 4010 will hold each point for
the duration that was entered when the sequence was set up.

[5] To end the calibration session, press the End Sequence

button until a box appears with Yes or No to abort the
active sequence. Sel ect Yes and press the Enter button to
abort the sequence. Select No and press the Enter button

if you wish to keep the sequence active.
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Viewing Calibration Status

Pressing the Status button (or the F8 key on an external
keyboard) or selecting "Status” fromthe main nmenu will cause a
status screen to be displayed. The status screen is also
di spl ayed automatically when a manual calibration is started.
The status screen presents information about the calibration in
progress, such as the control and nonitor values of the flow
controllers, tenperature controllers and ozone generator, the
states of the solenoid valves and calculated values such as
total flow and diluted gas concentrations.

There are four main status screens: Idle, Dilution, Ozone and
GPT (see Figure 5-4, Figure 5-5, Figure 5-6, and Figure 5-7).
If the Perneation Oven or Photoneter options are installed,
status screens for these devices will also be available. The
type of status screen that is displayed depends upon the type of
sequence that is currently active.

At the top of each status screen are selection buttons which
allow the status information to be presented in either
engineering units or voltage units. To select a different
di splay node, press one of the arrow buttons and then press
Enter to select. An easier nmethod is to sinply press the F6 key
to toggl e between engineering and voltage units.

Fol l owi ng are exanples of the main types of status screens:

Idle Sequence Status

Engineering Units ¢ > Uoltage Units

Dilution Flow Controllers

Control Monitor
Diluent MFC : B.88a B.08@ SLFPH
Ozone MFC ... : B8.a 8.8 SCCH
Source 1 MFC : a.A A.2 SCCH
Total Flow .. : a.888 B8.888 SLPH
——— 0Ozone Generator —M— Dilution Solenoids
Ozone Temp .. = La.a 5@8.1 °C Diluent Source Instrument
Lamp Current = A.88a a.888 —
Lamp Intensity: —_— 6.8 — il 1 il 1 4rL 1 il 1 4l 1
Ozone Conc. : a 8 PPB 20 1 21 5L 1 201 5L 1
31 1 6L 1 31 6L 1

Qutput [ 1 Purge [ 1

Figure 5-4 The Idle Status Screen
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Dilution Calibration Status
Engineering Units ¢ > Uoltage Units
Diluent: AIR
Dilution Flow Controllers Source = CAL STAMDARD
Control Monitor
Diluted Gases

Diluent MFC : 4_886 4_886 SLPH S02: 288 PPB
Qzone MFC ... = 1868.8 29.8 SCCH Co: 28680 PPB
Source 1 MFC = 14.3 14.3 SCCH
Total Flow .. = L.B808 L.888 SLPM

Dilution Solenoids

Diluent Source Instrument
1[®1] X1 4[ 1 il 1 4l 1
1 &L 1 201 5L 1
1 6L 1 3L 1 &I 1

1L
20 1 2L
3L
b

OQutput [X1 Purge [ 1

Figure 5-5 The Dilution Status Screen

Ozone Calibration Status

[¥] Engineering Units ¢ > Uoltage Units

Ozone Generator

Control Monitor
Diluent Flow : 4_988 4_78@ SLPH
Ozone Flow .. : 186.@ 18@.1 SCCHM
Ozone Temp .. = La.a 5.1 °C
Lamp Current = 1.548 1.548 —
Lamp Intensity: e 1.547 —
QOzone Conc. : 486 488 FPB

Dilution Solenoids

Diluent Source Instrument
1I[x¥1 il 1 4L 1 il 1 4r 1
20 1 201 5L 1 201 5L 1

3L 1 oL 1 3L 1 oL 1
Output [K1 Purge [ 1]

Figure 5-6 The Ozone Status Screen
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GPT Calibration Status

Engineering Units ¢ > Uoltage Units
Diluent: AIR
Source : NO STAMDARD

Dilution Flow Controllers

Control Monitor
— Projected GPT Rezults —
Diluent MFC : 4_864 4.865 SLPH NOH = LAA PPB
Ozone MFC ... : 186.8 iAA.@ SCCH NO: iA@a PPB
Source 1 MFC : 5.7 35.7 SCCH NOZ2: 4d@ PPB
Total Flow .. : L .680a L.Ad1 SLPH 03: A PPB
— 0Ozone Generatoyr — Dilution Solenoids
Ozone Temp .. = La.a tA.1 °C¢ Diluent Source Instrument
Lamp Current = 1.548 1.548 -
Lamp Intensity: —_— 1.547 - 1[¥1 il 1 4L 1 il 1 4l 1
Ozone Conc. : 4688 488 PPB 20 1 201 5L 1 201 5L 1
3[¥1 6L 1 311 6L 1
Output [X]1 Purge [ 1

Figure 5-7 The GPT Status Screen

Performing Manual Calibrations using the Status Screen

Norrmal Iy, when a status screen is displayed, the only item that
can be changed is the engineering or voltage units selector
button, however by entering debug node, any of the control
val ues or solenoid valves nay be changed. This is a very useful
feature, allowing devices to be tested individually or nmanua
calibrations to be perforned. Debug node is toggled on or off
by pressing the "Diag." Button on the front panel or F11 on an
external keyboard while the status screen is displayed.

Before perform ng calibrations using debug node, it is inportant
that the wuser has a good wunderstanding of the pneumatic
operation of the 4010 and the purposes of it's various flow
controllers and sol enoid val ves. In this node, it is entirely
up to the user to manually activate the appropriate solenoid
valves, flows rates, ozone generator, etc. for the desired
result. It is also up to the user to calculate the flow rates
needed for the desired gas concentrations.

In the following exanple, a GPT calibration will be activated
manual |y using the status screen in debug node. In the exanple,
a concentration of 400 PPB of ozone will be m xed with 500 PPB

of NO at a total flow rate of 5.000 SLPM resulting in 500 PPB
of NOx, 400 PPB of NO2 and 100 PPB of excess NO The source
cylinder, attached to source inlet 1, contains 50,000 PPB of NO
The following steps are required to perform this calibration
using the status screen.
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[1]

[ 2]

[ 3]

[ 4]

[ 5]

Cal cul ate the source and diluent flow rates as foll ows:

If:

Desired Concentration = 500 PPB

Source Concentration = 50,000 PPB

Total Fl ow = 5.000 SLPM (5000 sccwv
Ozone Fl ow = 100 SCC™M

Then:

Desired Concentration X Total Flow
Source FIOW = -----mmmmm e
Sour ce Concentration

500 X 5000

Diluent Flow = Total Flow - Ozone Flow - Source Flow
= 5000 - 100 - 50 = 4850 SCCM = 4.850 SLPM

From the Miin Mnu screen, select Status and press the
Enter button then select Current Status and press enter.
Assuming no calibrations are active, the Idle Sequence
Status screen will appear as shown in Figure 5-4.

Press the "Diag." button (or F11 on an external keyboard)
until the nmessage "Debug Mde" is presented on the status
line near the bottom of the screen.

Press the F3 (Tab) key until the Diluent M-C Control val ue
is highlighted. Enter the calculated diluent flow rate
(e.g. 4.850 SLPM and press Enter or F3. Notice that an
"X'" appears in the box associated with the D luent 1
solenoid valve indicating that it has been automatically
activat ed. Also note that, assumng a pressurized diluent
source is attached, the nonitor value will increase until
it approximtely matches the control val ue.

The Ozone MFC Control field should now be highlighted.
Enter 100 SCCM and press Enter or F3. The Ozone MC
Monitor value should increase until it approximately
mat ches the control val ue.
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[6] The Source 1 MFC Control should now be highlighted. Ent er

the calculated source flow value (e.g. 50 SCCQM. Though
the Source 1 MFC has been activated, no nonitor flow wl
be indicated wuntil a source solenoid valve has been
acti vat ed.

[7] Press the F3 key, skipping the Ozone Tenp field until the
Lanp Current field is highlighted. This is a value between
0O and 5 corresponding to the current applied to the ozone

generator's | anp. Enter a value, for exanple 1.000, and
observe the calculated "Ozone Conc." control val ue. Thi s
will indicate the ozone concentration that should be

produced based on the lanp <current, the last ozone
generator calibration and the total flow rate.

Adjust the lanmp current experinentally until the desired
ozone concentration is reached (e.g. 400 PPB). This is
done by backing up with the F2 (Shift-Tab) key and entering
different Lanp Current values until the cal cul ated ozone is
showi ng the desired concentrati on.

[8] Press F3 until the source solenoid valve associated wth
the gas cylinder containing Nitric Oxide (NO is selected.
Press "1" or Space so that an "X' appears in the box. If a
pressurized gas source is attached, the Source 1 MC
Monitor flow should now increase until it has approximtely
mat ched the control val ue. A gas concentration determ ned
by the diluent and source flow rates, the source gas
concentration and the Ozone Generator Lanmp Current will now
be produced by the 4010.

[9] To change concentrations or select a different gas, use the
F2 and F3 buttons (Shift-Tab and Tab) to nobve the cursor to
the appropriate field and then change the val ue.

[10] To stop the calibration, press the End Sequence button
until a box appears with Yes or No to abort the active
sequence. Select Yes and press the Enter button to stop
everything and return to a qui escent state.

Viewing Diagnostic Information

Cccasionally, it is necessary to directly view the 4010's anal og
or digital inputs or outputs. The "D ag" (D agnostics) nenu is

provided for this purpose. There are four entries under the
D ag nenu: Anal og Inputs, Analog Qutputs, Control Qutputs and
Monitor 1/0O Bits. These diagnostic screens, which present the

data in real time, updated each second, are described in nore
detail bel ow
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The Analog Input Screen

The Anal og Input screen shown in Figure 5-8 allows each of the
24 analog inputs to be viewed in either engineering or voltage

units. Al available inputs are shown in this screen even
t hough sone are only applicable when the correspondi ng options
(e.g. Photoneter or Perm Oven) are installed. |Inputs associated

with uninstalled options are usually floating and their values
are neani ngless. The last four channels (25 - 28) are interna
vol tage reference and zero channels that are used for automatic
zero/ span correction

The data presented in the screen can be viewed in either
engi neering or voltage units by selecting the appropriate button
on the screen and pressing enter (or by toggling the selection
with the F6 key). If the "Diag." Button is pressed while this
screen is displayed, a special debug node is entered that allows
the A/D scanning to be halted and a particular analog input
channel to be frozen. This function is normally not needed by
the user and is intended for factory use.

Analog Inputs

Engineering Units ¢ > Uoltage Units

Channel Uoltage Function Channel Uoltage Function
1 B.8 SCCM Source 2 MFC 15 B.8 SCCM  Perm Oven Flow
2 B.1 SCCH Source 1 HFC 16 a.a °C Ext. Perm Temp
3 B.1 SCCHM 0Ozone Flow 17 a.2e9 U Spare AIN 2
4 A.888 SLPH Diluent MFC i8 i.811i U Spare AIN 3
5 ta.4 °;¢ Ozone Temp 19 a.a °o; Photo Lamp Temp
6 a@.6a8@a U 03 Lamp Current 28 a.@a@3 U Photo Lamp Cure
7 Aa.88a8 | 03 Lamp Int 21 3.955 U Photo Lamp Int
8 27.2 °C Instrument Temp 22 41 .5 °C Photo Samp Tenp
9 647 mmHg Instrument Pres 23 724 mmHg Photo Samp Pres
i@ a.249 U Spare AIN 1 24 155 SCCH Photo Samp Flow
11 1.472 1 Audit 1 Input 25 1.584 U Ref 5 U
12 1.472 1 fAudit 2 Input 26 151 .8 ml Ref B_.4955 U
13 1.483 U Audit 3 Input 27 11.6439 nml Ref 45.85 mU
14 1.421 1 fAudit 4 Input 28 -a.884 U Ref A U

Figure 5-8 The Analog Input Diagnostic Screen
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The Analog Ouput Screen

The Anal og Qutput screen, shown in Figure 5-9, not only allows
each of the 20 analog outputs to be viewed, but also allows the
current settings to be changed. As with the Analog Input
Screen, the values can be displayed in either engineering or
voltage units. In addition, the units of measure may be changed
for each output by pressing the F7 key. In sonme cases, other
outputs with the same units wll also be changed to the new
units. For exanple, positioning the cursor over the Ozone Tenp
field by using the F2 and F3 keys and pressing F7 will cause al
tenperatures to be presented in units of °F, even within in
ot her screens.

Analog Outputs

Engineering Units ¢ > Voltage Units

Channel Uoltage Function Channel Uoltage Function
1 L.8aa y Disp Intensity 11 a.88a | DAS 4 Output
2 B.2 8CCH Source 2 MFC 12 8.8 8CCH  Perm Oven Flouw
3 A.88d@ SLPH Source 1 MFC 13 32.8 °F Ext. Perm Temp
4 B.8 SCCM Ozone Flow 14 Aa.dpa U Spare AQUT 1
5 #.882 SLPM Diluent MFC 15 a.8688 U Spare AQUT 2
[ 122.4 °F Ozone Temp 16 32.8 °F Photo Lamp Temp
7 a@.6a8@a U 03 Lamp Current 17 a.@a8a U Photo Lamp Cure
8 B.888 | DAS 1 Output 18 8 FPB Photo DAS 1 Out
2 #.888 U DAS 2 OQutput 17 A FPB Photo DAS 2 Qut
18 8.888 Y DAS 3 Output 28 8 FPB Photo DAS 3 OQut

Figure 5-9 The Analog Ouput Diagnostic Screen

The Internal Control Outputs and User Digital I/O Bits Screens

The Internal Control Qutputs, shown in Figure 5-10, displays the
current states of all 24 of the Internal Control Qutputs that
are used for driving internal solenoid valves and other on-off
devi ces. A simlar screen, the User Digital 1/O Bits screen
shown in Figure 5-11, displays the states of the 24 User Digital
I/O Bits that nay be used for renpte control and sensing of
sequences.

For both screens, each bit may serve as either an input or an
out put . If an output control is inactive, the bit wll sense
changes in the I1/Oline. If an output is active, the associated



Operation Page 5-13

input bit wll sense the active state as if it were activated
externally. The Internal Control Qutput bits are only used as
outputs, however the input bit sensing can be a usefu

di agnostic, indicating that the bit was physically activated.

Internal Control Qutputs
Bit State Function Bit State Function
1 [l Display 13 L1 Photo Pump Sol
2 [¥1] Diluent 1 14 L1 Photo Ref Sol
3 [ 1 Diluent 2 15 L1 Photo Samp S0l
4 [x1 Source 1 16 [ 1 Perm Uent
L [ 1 Source 2 17 L1 Perm Source
[ [ 1 Source 3 18 L1 Perm Pump
7 [ 1 Source 4 19 L1 Instrument 1
8 [ 1 Source 5 28 [ 1 Inztrument 2
9 [ 1 Source b6 21 L1 Instrument 3
18 [ 1] Purge 22 L1 Instrument 4
11 [¥1 Output Solenoid 23 L1 Instrument 5
12 [ 1 Ext Perm Source 24 L1 Instrument 6
# or 1 = 0On Ccontact or low> Bit: 1 8 9 16 17 24
B = Off Copen or high? Out: B10180800 BA18880d BEBBEABRAA
In @ 916818008 80100000 BABRABOO
Figure 5-10 The Internal Control Ouputs Diagnostic Screen
User Digital I-0 Bits
Bit State Function Bit State Function
i [ 1 I-0 Bit 1 13 [ 1 I-0 Bit 13
2 [ 1 I-0 Bit 2 14 [ 1 I-0 Bit 14
3 [ 1 I-0 Bit 3 15 [ 1 I-0 Bit 15
4 [ 1 I-0 Bit 4 16 [ 1 I-.0 Bit 16
L [ 1 I-0 Bit & 17?7 [ 1 I-0 Bit 1%
[ [ 1 I-0 Bit & 18 [ 1 I-0 Bit 18
7 [ 1 I-0 Bit % 19 [ 1 I-0 Bit 19
8 [ 1 I-0 Bit 8 28 [ 1 I1-0 Bit 20
9 [ 1 I-0 Bit 9 21 [ 1 I-0 Bit 21
18 [ 1 I-0 Bit 18 22 [ 1 1.0 Bit 22
11 [ 1 I-0 Bit 11 23 [ 1 I-.0 Bit 23
12 [ 1 I-0 Bit 12 24 [ 1 I1-0 Bit 24
# or 1 = 0On Ccontact or low) Bit: 1 g 7 16 17 24
B = Off Copen or high? Out : H9UHEBEA AABRREEH BEBARREAA
In : 90000000 BABAROON BBBAROBAA
Figure 5-11 The User Digital I/O Bits Diagnostic Screen
Both screens operate in the sane way. An "X" in the square

brackets that are associated with each input or output bit
indicates that that I/O bit is active; either because the 4010
has activated it or because it has been activated externally.
In the bottomright corner, the 24 I/O bits are presented as two
groups of 1's and 0's, where "1" corresponds to the active
state. The group labeled "Qut" represents the control states,
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while the "In" group represent the status inputs that are read
back. The two groups allow the user to determne if a bit is
active due to internal or external control

When an output is activated, the bit in the "Qut" group wll
indicate "1" inmmediately, but the corresponding "In" bit my
take a second or two to reflect the change. For the Interna
Control Qutputs, if an "Qut" bit is active (1) but the "In" bit
is not active after a second or two, a problem with that output
is indicated. This is also true for the User Digital 1/0 Bits,
however when an output is inactive (0), the correspondi ng input
bit can indicate either a 1 (active) or O (inactive), depending
upon the external status that is applied to the inputs.
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Section 6 Model 4010 Calibration Setup

Bef ore the Model 4010 can perform gas dilutions or calibrations,
certain application-specific information nust be entered. The
follow ng steps describe the basic set up operations that nust
be perforned before using the 4010 for calibrations:

[1] Verify that all source and diluent gases that will be used
for calibrations are present in the Gas Table supplied from
the factory. |If not, add gases as descri bed on page 6-2.

[2] Set up a "Gas Standard" for each gas cylinder that will be
attached to the source inlet ports, followi ng the procedure
descri bed on page 6-3.

[3] Assign diluent gases and Gas Standards to the appropriate
di luent and source inlet ports as described on page 6-5.

[4] |If the User Digital 1/O Bits are to be used for signaling
the sequence status or for renote activation, the Digita
|/ O Groups nmust be set up as described on page 6-24.

[5] Set wup calibration "Sequences"” as described on Page 6-7.
Sequences define the flow rates, concentrations, timng and
ot her paraneters for specific calibration sessions that are
to be subsequently perforned.

[6] If necessary, set the tine and date to local tinme as
descri bed on page 6-30.

At this point, mnual <calibrations can be initiated. | f
automatically timed calibrations or calibrations initiated by
the User Digital 1/O Bits are desired, the follow ng procedures
may al so be needed:

[7] |If calibrations are to be automatically started at specific
times, set up the sequence schedules as described on page
6- 20.

[8] |If calibrations are to be started by renmpte control wusing
the User Digital 1/0O Bits, set up the Renote Activation
i nformation as descri bed on pages 6-28 and/or 6-29.

The follow ng pages describe these setup procedures in nore
detail .
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Set Up Gases

The Model 4010 is delivered from the factory with a Gas Table
that contains the nanmes, chemcal synbols, flow correction
factors and nol ar constants for comonl y used gases.
Odinarily, it is not necessary to nodify this table, however if
a gas that will be used for calibrations is not included in the
table, it wll be necessary to add it. Gases nmay be added to
the Gas Table as foll ows:

[1] Select Gases fromthe main nmenu and press the Enter button.
A pop-up nmenu w |l | appear.

[2] Select Gas Table and press the Enter button. Another pop-
up menu wll appear. This nmenu lists the followng
options: Viewto view the Gas Table, New to add a gas, Edit
to nodify a gas and Delete to renbve a gas fromthe table.

[3] To add a gas, select New and press the Enter button. The
New Gas Table Entry screen shown in Figure 6-1 wll appear.

Mew Gas Tahle Entry

Gas Mame ............ : NITROGEN

Chemical Symbhol ._... : N2

Flow Correction Factur 1 . 8[

Molar Constant ...... : (Required for permeation devices)

Figure 6-1 New Gas Screen

[4] Enter the nane of the gas, its chem cal synbol and a flow
correction factor. If the gas is for a perneation device
the nol ar constant nust al so be entered.

[5] To save the gas, press the End Sequence button and answer
yes to the confirm ng dial og box.

[6] |If additional gases are needed, repeat steps 4 and 5.

[7] To return to the main nmenu, press the End Sequence button
until only the main nenu appears on the screen.

It nmay be desirable to delete unnecessary gases from the Gas
Table in order to reduce the size of the selection I|ist. The
following steps will delete a gas fromthe Gas Tabl e:
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[1] Fromthe main menu sel ect Gases and press the Enter button.
A pop-up nmenu w Il appear.

[2] Select Gas Table and press the Enter button. Select Delete

and press the Enter button. The pop-up screen Delete Gas
Table Entry will appear. By pressing Enter, a drop-down
list of the gases in the Gas Table wi Il appear.

[3] Select the gas you want to delete and press the Enter
button. A screen with the pronpt to delete or ignore wll

appear. If you wish to delete the gas, select yes and
press the Enter button. To ignore, select the No and press
the Enter button. This step nay be repeated as necessary

to del ete additional gases.

Set up Gas Standards

Each conpressed gas cylinder attached to a source inlet port
must be set up as a "Gas Standard". Gas Standards may be set up
as foll ows:

[1] Select Gases fromthe main nmenu and press the Enter button.
A pop-up nenu w || appear.

[2] Select Gas Standards and press the Enter button. Anot her
pop-up nenu wll appear. This nenu lists the follow ng
options: View to view the Gas Standards, New to add a Gas
Standard, Edit to nodify a Gas Standard and Delete to
remove a Gas Standard.

[3] To add a Gas Standard, select New and press the Enter
but t on. The New Gas Standard screen shown in Figure 6-2
w || appear.
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Mew Gasz Standard
Mame of Standard ........ : MULT I-BLEMD
Serial Mumher ........... 123456
Expiration Date (mm/dd/yy) 1231799
Carrier .......c.cccaaa-- 1 HITROGEN M2
Component Gas Chemical Symhol Concentration Units
1 NITRIC OXIDE NO 7a.182 1 FFH
1 SULFUR DIOXIDE 502 67.288 1 PFM
1 CARBON MOMOZXIDE Co 123.800 1 PFM
1 1 FFM
1 1 PFM
1 1 FFM
1 1 PFM
1 1 FFHM
1 1 FFM
1 1 PFM

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

Figure 6-2 New Gas Standard Screen

Enter a wunique nanme for the Gas Standard, its serial
nunber, its expiration date and the carrier gas.

Select a gas for the first conponent by positioning the
cursor over a Conmponent Gas field and pressing Enter.
Select a gas nanme and synbol from the drop-down [ist and
press Enter to proceed to the concentration field. If a
gas is not present in the Ilist, it nay be added by
foll owi ng the procedure on page 6-2.

Enter the concentration of the gas in the cylinder. Be sure
to observe the units of neasure listed to the right. | f
you want to enter the gas in different units, nove to the
next field by pressing F3, change the units as described in
step 7 and nove back to the concentration field by pressing
F2.

By pressing Enter over the units for a gas, alternate units
of measure for that gas conponent can be selected from a

drop-down i st. The concentration previously entered in
the field will automatically be adjusted to the selected
units.

Repeat steps 5 and 6 wuntil all conponents in the Gas

St andard have been entered.

To save the Gas Standard, press the End Sequence button and
answer yes to the confirm ng dial og box.

To create another Gas Standard, repeat steps 4 through 9.
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[11] To return to the main nmenu, press the End Sequence button
until only the main nenu appears on the screen.

Diluent and Source Port Assignments

A diluent gas nust be assigned to one or nore diluent ports and
a Gas Standard must be assigned to one or nore source ports
before dilution calibration sequences can be set up. To assign
diluent gases and Gas Standards to inlet ports, wuse the
fol |l ow ng steps:

[1] Select Gases fromthe main nmenu and press the Enter button.
A pop-up nmenu w Il appear.

[2] Select Port Assignments and press the Enter button.
Anot her pop-up nenu wll appear. This nenu lists the
followng options: View to view Port Assignnents and Edit
to nodify the Port Assignnents.

[3] Select Edit and press the Enter button. The Edit Port

Assi gnnents screen shown in Figure 6-3 wll appear. Thi s
screen lists all the diluent ports and source ports
installed in the unit (the standard 4010 has one dil uent
and three source ports). For each port, a drop-down

selection box is available for selecting a gas or G@Gs
Standard that is to be associated with that port.

Edit Port Assignments

Diluent Ports

1: 1 G AIR
Source Ports Permeation Port

1: | CAL STANDARD Mot Available
2: | MULTI-BLEND
3: 1 HO STANDARD

Figure 6-3 Edit Port Assignments Screen
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[4] For each diluent port that will be used, select a diluent
gas by positioning the cursor over the port's selection box
and pressing Enter. A drop-down list will appear with your

choices for the diluent gas. The diluent is usually air if
a zero air generator is used for providing the diluent.
Nitrogen or other cylinder gas nay al so be used, however if
ozone or GPT calibrations are to be performed, the dil uent
must be air with the normal percentage of oxygen.

|f the needed diluent gas is not listed, it may be added by
performng the steps described in the "Set up Gases"
section on page 6-2.

[5] For each Source Port that wll be wused, select a Gas
Standard by positioning the cursor over the Source Port's
sel ection box and pressing Enter. A drop-down list wll
appear with a list of Gas Standards. If the Gas Standard
is not present in the drop-down list, it may be added by
performng the steps described in the "Set up Gas
St andar ds" section on page 6-3.

[6] To save the Port Assignnments, press the End Sequence button
and answer yes to the confirm ng di al og box.

[7] To return to the main nmenu, press the End Sequence button
until only the main nenu appears on the screen.

Introduction to Initializing Calibration Sequences

Calibration sequences are tenplates that are used for defining
calibrations. Each sequence is conposed of up to 20 calibration
poi nts, each point representing a concentration of a calibration
gas. Sequences may be controlled externally, internally or my
be used when perform ng manual calibrations. The calibration
sequences are stored in non-volatile nenory for usage at a |ater
tine.

The Model 4010 supports four types of calibration sequences.
These sequences are:

Gas Dilution A nmetered quantity of source gas is
diluted with a netered quantity of
di | uent . Not e: The source gas could

be froma multiple blend cylinder.
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Ozone A nmetered quantity of di | uent is
irradiated by a precisely controlled
ultraviolet lanp in order to produce
ozone.

Gas Phase Titration A nmetered quantity of source gas is
diluted with a netered quantity of
ozonat ed dil uent.

Permeation A nmetered quantity of perneation source
gas is diluted with a nmetered quantity
of diluent.

Multi-Gas Sequence Each point of a Milti-Gas Sequence nmay
be of a different type and use a
di fferent source gas.

The first four sequence types may be used when all points in the
sequence represent the sanme type and the same source gas. The
Mul ti-Gas Sequence, though nore difficult to set up than the
other types, provides the nost flexibility, allowng the Gas
St andard, gas conponent, source MFC and Instrunment Sol enoids to
be independently selected for each point. This allows nultiple
types of calibrations to be performed from within the sane
sequence.

A nunber of things should be considered when defining
cal i bration sequences:

Ozone concentrations used in ozone and GPT calibrations are
nost preci se when the diluent flowis set the sanme as that
used for calibration of the ozone generator. Factory
calibrations of the ozone generator are performed at 4, 900
cc/mn of diluent and 100 cc/mn of ozone flow for a total
flow of 5,000 cc/m n.

High instrunent flows |imt the range of the diluting process
and result in higher source gas usage.

Up to 20 calibration sequences may be predefined with up to 20
calibration points allowed per sequence.

Overly conpl ex auto calibration sequences result in
significant anmounts of down tine while instrunents are
under goi ng cal i bration

Auto Calibrations may occur in one of three ways. The first
met hod is "Schedul ed", in which the 4010 automatically initiates
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the calibration sequence at a specified tine and steps through

each calibration point. The second nethod is "Renote Point
Activation”, in which an external device initiates and steps the
4010 through each calibration point, and third, "Renote Sequence
Activation”, in which an external device initiates a calibration

sequence, but the 4010 then takes over and steps through each
calibration point.

There are 24 User Digital 1/O Bits available. These bits can be
assigned to control <calibration sequence initiation and for
stepping though calibration points or for sensing when
calibrations are active. The bits are normally open, which is
signified with a O. A 1 signifies the bit is active or the
calibration point or sequence is active.

Defining Calibration Sequences

Calibration sequences are defined in a nulti-page dialog box
that is 3 pages long for nobst sequence types and 5 pages for
Mul ti-gas sequences. The page down and page up keys (F5 and F4,

respectively) nmay be used to switch from page to page. The
first page contains information comon to all calibration
poi nt s. Pages 2 through 3 (or 5) contain the information for

the individual calibration points.

To set up page 1 of a calibration sequence, perform the
foll ow ng steps:

[1] From the main nenu, select Sequences, and press the Enter
button. A pop-up nenu will appear.

[2] Select New and press the Enter button. The pop-up screen,
New Sequence (Page 1 of 3) will appear.
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Mew Sequence (Page 1 of 32>

Segquence Mame: DAILY ZERO.-SPAN

Segquence Type: (=) Gas Dilution Running Order: <%} Ascending
¢ 3 0zone ¢ 3 Descending
¢ » Gas—Phase Titration
¢ 3 Multi—gas Sequence Instrument

Solenoids

Diluent Gas: 1 AIR il 1
Source Gas: 1 MULTI-BLEND 2081
Primary Gasz: } 502 I[N
Source MFC: 1 SOURCE 1 EE }
Minimum Instrument Flow: L.A88 SLPH el 1
Conditioning Period .. = 5 Hinutes

1 8 9 i6 17 24

........................ More ...

[ 3]

[ 4]

[ 5]

Figure 6-4 New Sequence Screen, Page 1

Enter a unique nane for the sequence. Up to 20 characters
may be used. Press the Enter button when the full nane has
been entered. This noves you to the area called Sequence

Type.

Select the appropriate sequence type. Choices are G@as
Di | ution, Ozone, Gas Phase Titration and Milti-gas
Sequence. |If the 4010 includes a Perneation Oven option, a
Perneation choice wll also be available. Sel ect your
choice and press the Enter button. This noves you to the
area called Running Order. Note that data entry fields

that are irrelevant for the selected sequence type wll
di sappear.

Select the order in which the calibration points are to
run. The choices are Ascending and Descending. The points
wll be activated in ascending or descending order of the
poi nt  nunber; not necessarily in the order of the
concentrations. If for exanple points 1 through 5 were
entered as 400, 300, 200, 100, 50, respectively, and you
sel ected Ascending they would run in this order. If you
sel ected Descendi ng, the 50 point would be activated first,
then 100, etc. Press the Enter button when your choice is
made. You will be noved to the area for selecting the
di l uent gas.
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[ 6]

[ 7]

[ 8]

[ 9]

[10]

By pressing the Enter button while in the diluent gas

field, the gas choices wll appear in a drop-down |ist.
Choose the correct diluent and press the Enter button. | f
the diluent that you need is not in the list, it can be
added as described on page 6-2. The field that you are
nmoved to wll depend upon the sequence type selected
earlier. For Dilution, GPT and Perneation types, the next
field will be the Source Gas. For QOzone and Milti-gas
types, you will be noved directly to the M ninmum I nstrunent

Fl ow field.

If you are noved to the Source Gas field, press Enter to
drop down a list of Gas Standards that are currently
associated with the source inlet ports. If the Gas
Standard that you need is not in the list, it can be added
as described on page 6-3 and/or assigned to a source port
as described on page 6-5. Select the appropriate Gas
Standard with the arrow keys and press Enter to nove to the
next field.

Once you have selected the Gas Standard, you wll be noved
to a field that allows you to select one of the gas
conponents for that standard. Press Enter to drop down the
list, select a gas with the arrow keys and press Enter
again to nove to the next field. | f the needed conponent
is not present, it can be added to the Gas Standard as
descri bed on page 6-3.

For Dilution and GPT sequence types, you will be noved to a
field that allows you to select a source mnmmss flow
controller that best suits the gas you are diluting (the
standard 4010 has only one source MC and therefore only
one choice). Choose and M-C by pressing Enter to drop down
the list, selecting the MC with the arrow keys and
pressing Enter again to nove to the next field.

When you are noved to the area of the screen that asks for
the Mninmm Instrunment Flow, enter the mninum total flow
necessary not only to supply calibration gas to all
attached instrunents, but also to provide an excess flow
fromthe outlet manifold' s vent. Pressing the Enter button
confirms your entry and noves you to an area of the screen
cal |l ed Conditioning Period.
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[11] Enter the conditioning tine needed, in mnutes. This is
the anmpunt of tine you want the calibrator to begin
bl ending and/or producing span gas or zero air before
activating the Instrument Solenoid controlling the device
you are calibrating. Press the Enter button when you have
entered the duration. This takes you to an area called
Sequence Status Qutput.

[12] If you have previously assigned User Digital 1/O Bits to
Sequence Status Qutputs you wll be pronpted to select
whi ch status outputs are associated with this sequence. Bit
positions indicated by a 1 or a 0 have been reserved for
Sequence Status Qutputs and are available to signal an
external device when this calibration sequence is active.
Bit positions indicated by a decimal point have been
assigned to other purposes and nay not be changed here. |If
all the bits are indicated by decimal points and this
feature is needed, then Sequence Status Qutput bits nust be
assigned in the Digital 1/O Goup Assignnents screen under
the Renote Activation nmenu (see Page 6-23).

A1l or a 0 can be inserted in each bit location that is not
indicated by a deciml point. When this sequence is
subsequently activated, the pattern of 1's and 0's wll be
presented on the User Digital /O Bits as lows (0V) and
hi ghs (5V), respectively. After you have inserted your bit
pattern, press the Enter button. You will be noved to the
| nstrunent Sol enoi ds area of the screen.

[13] The Instrunent Sol enoids are +24 Volt drivers for
activating external devices such as air quality analyzer
zero/ span valves. Mwve the cursor over the bit(s) you want
to activate and press the "+" key to set, "-" key to clear
or Space to toggle the "X' indicator in the box. Al
instrunment solenoids indicated by an "X' will be activated
(that is, 24 Volts wll be applied) after the specified
conditioning period has elapsed for this sequence. After
you have entered the instrunment solenoid drivers associated
with the sequence being initialized, press the Page Down
button (F5) to proceed to page 2.

You have conpleted Page 1 of the New Sequence programm ng. |f
this is a Milti-gas Sequence, you should proceed to page 6-15,
whi ch describes how to set up pages 2 through 5 of a Milti-gas
sequence. O herwi se, continue on to the next section, which
describes how to set up pages 2 and 3 of single gas sequences.
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Setting up Sequence Points for Single-Gas Sequences
(Pages 2 and 3)

The following paragraphs are a continuation of the steps
describing how to set up page 1 of a sequence in the section
"Defining Calibration Sequences" beginning on page 6-8 and
endi ng on page 6-12. The steps that follow assune the user has
not chosen "Milti-gas Sequence" as the sequence type.

[ 14] After pressing the F5 key to nove to Page 2 of the Sequence
setup, the screen shown in Figure 6-5 will appear.

Mew Sequence (Page 2 of 3> More ...
Concentration
Primary Ozone Duration Point Status Outputs
Point {PFB > ¢ PPB » <(Minutes? 1 89 i6 17 24
1 a a 3 1 AEAlL ........
2 58a a 15 e eeeees aean AEie ........
3 580 480 3 1 AA1l ........
4 586 368 15 i eeeees aean Ag1Bd ........
5 580 280 3 1 A1AlL ........
6 586 168 15 i eeeees aean 118 ........
? 5806 58 15 e ieeeees aeas A111 ........
8 EE 0 i ieiees e AEed ........
e AEed ........
i@ e eees aaas AEed ........
More ...
Figure 6-5 New Sequence Screen (Single Gas, Page 2 of 3)
The cursor will initially be in the units field for the
primary gas concentration. By pressing Enter or the down

arrow while the cursor is in the units field, the preferred
engineering units for concentrations in this sequence may
be selected from a drop-down list (% PPM PPB, or PPT).
Al primary gas and ozone concentrations in this sequence
will be expressed in the selected units. Pressing the
Enter key or F3 will proceed to the next field.
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[ 15]

[ 16]

After exiting the units selection field, the cursor will be
noved to a field for entering either the Primary or Ozone
concentration for point 1, depending upon the Sequence Type

that was selected on Page 1. If Gas Dilution, Gas Phase
Titration or Perneation was selected, you will be in the
colum for entering the Primary concentration. | f Ozone
was selected, the colum of fields for entering prinmary gas
concentrations wll be disabled and you wll be noved

directly to t he col um for entering t he Ozone
concentration.

Enter the primary gas (or ozone) concentration for this
poi nt. Remenber which units you selected for concentration
so that your input is correct. |If the nunber is not in the
proper units, you wll probably be pronpted with a pop-up
box showi ng what the range of concentrations nust be for
your entry. Enter the nunmber and press the Enter button.
You will now be noved either to the Duration colum of this
screen or to the ozone colum if this is a GPT sequence

t ype.

If this is a GPT sequence, enter an ozone concentration.
The ozone concentration should be set to the anount of NO2
desired in the output gas for this point and should be |ess
than the primary gas (NO concentration. After entering
the ozone, press Enter to nove to the Duration field.

Note that, regardless of the allowable range for primry

gas and ozone concentrations, zero (0) may be entered. | f
zero is entered for the primary gas concentration, the 4010
will automatically turn off all source inlet valves to
assure that this is truly a "Zero" point. Li kew se, for
Ozone and GPT sequences, if the ozone concentration is set
to zero, the ozone generator will be turned off.

Enter the nunmber of mnutes that you wish this calibration
point to remain active when the sequence is tinmer stepped.
Press the Enter button and you will either be noved to the
next point or to the Point Status Qutputs area of the
screen if you previously assigned the Point Status Qutputs
inthe Digital 1/0O Goup Assignnents screen (page 6-23).
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[17]

[ 18]

[19]

If you have previously assigned User Digital /O Bits to
Point Status Qutputs you will be pronpted to select which
status outputs are associated wth this particular
calibration point. Bit positions indicated by a 1 or a O
have been reserved for Point Status Qutputs and are
available to signal an external device when this
calibration point is active. Bit positions indicated by a
deci mal point have been assigned to other purposes and may
not be changed here. If all the bits are indicated by
decimal points and this feature is needed, then Sequence
Status Qutput bits nust be assigned in the Digital 1/0
Group Assignnents screen under the Renote Activation nenu
(see Page 6-23).

A1l or a 0O can be inserted in each bit location that is not
indicated by a decimal point. Wen this point is
subsequently activated, the pattern of 1's and 0's will be
presented on the User Digital /O Bits as lows (0V) and
hi ghs (5V), respectively. After you have inserted your bit
pattern, press the Enter button. You will be noved to
primary gas (or ozone) concentration field for the next
poi nt .

Repeat steps 15 through 17 until each calibration point for
this sequence has been entered. If there nore than 10
points in this sequence, press F5 after you have entered
the first 10 points. This takes you to page 3, which
all ows you to programan additional 10 calibration points.

When all points have been defined, the sequence information
can be reviewed by pressing F4 and F5 to page up and page
down. I nformation can be edited by positioning the cursor
using the F2 and F3 key to nove backward or forward between
fields and then entering the new information in the
hi ghli ghted field.

When finished, press End Sequence from any page. A nessage
will pop up asking if you want to save the sequence.
Responding "yes" wll save the sequence information you
have entered into non-volatile nmenory. Answering "no" wll
exit, discarding any information that has been entered.
Pressing End Sequence again will return you to the New
Sequence screen w thout saving or discarding information.
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Setting up Sequence Points for Multi-gas Sequences (Pages 2 - 5)

Unlike the other sequence types, Milti-gas sequences don't
assunme that each point is of the sane type and gas source.
Consequently, certain information that is entered on the first
page and is common to all points for single-gas sequences is
entered for each point of a Milti-gas sequence. In particular,
the Gas Source, Primary Gas Nane, Source M-C and Instrunent
Sol enoi ds can be independently progranmed for each point of a
Mul ti-gas sequence. Figure 6-6 shows page 2 of a typical nulti-
gas screen.

Mew Sequence (Page 2 of 5> More ...
Concentration Dura—
Source Primary Ozone tion
Point Gas Source Gas Mame MFC <{PPB > < PPB > <Min>
i 1 {Zero> 1 a a 15
2 4 MULTI-BLEND 4 502 1 458 a 15
3 1 {Zero> 1 a a 15
4 4 NO STAWDARD 4 NO 1 458 a 15
L 1 <Zero> 1 a a 15
[ 4 NO STANDARD 1 NO 1 Laa A 15
7 41 HO STAWDARD 1 HO 1 Laa 458 15
8 1 {Zero> 1 a A 15
s 1 <0zoneZ 1 a 458 15
18 1 {Zero> 1 a A
More ...
Figure 6-6 New Sequence Screen (Multi-gas, Page 2 of 5)
The additional information makes it necessary for the point
information to be presented on four pages, where a single-gas
sequence needs only two. Pages 2 and 3 define the first ten

points, while 4 and 5 define points 11 through 20. Mbst of the
information is presented on pages 2 and 4, but the Instrunent
Sol enoid and Point Status Qutput information is found on pages 3
and 5, as shown in Figure 6-7.

The following paragraphs are a continuation of the steps
describing how to set up page 1 of a sequence in the section
"Defining Calibration Sequences" beginning on page 6-8 and
endi ng on page 6-12. The steps that follow assune the user has
chosen "Mil ti-gas Sequence"” as the sequence type.
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[ 14]

[ 15]

[ 16]

[17]

After pressing the F5 key on page 1 to nove to Page 2 of a
Mul ti-gas sequence, the setup screen shown in Figure 6-6
wi |l appear.

The cursor wll initially be in the units field for the
primary gas concentration. By pressing Enter or the down
arrow while the cursor is in the units field, the preferred
engineering units for concentrations in this sequence may
be selected from a drop-down list (% PPM PPB, or PPT).
All primary gas and ozone concentrations in this sequence
will be expressed in the selected units. Pressing the
Enter key or F3 will nove you to the Gas Source field of
the first point.

A Gas Source nust be selected for each point by pressing

Enter to drop dowmn a list of Gas Standards that are
currently associated with the source inlet ports. In
addition to the Gas Standards are the special synbols
"<Zero>", "<Ozone>" and, if a perm oven is installed,
"<Perneation>". If the Gas Standard that you need is not
in the list, it can be added as described on page 6-3

and/ or assigned to a source port as described on page 6-5.
Select the appropriate Gas Standard or one of the special
synbols with the arrow keys and press Enter to nove to the
next field.

If a Gas Standard or "<Perneation>" is selected, the cursor
will nove to the Gas Nanme field. If "<Ozone>" is selected
as the Gas Source, the cursor will junp directly to the
ozone concentration field, skipping the fields that are
irrelevant for ozone concentrations. Li kewi se, selecting
"<Zero>" wll skip all the way to the Duration field and
set the primary gas and ozone concentrations to zero.

If you have selected a Gas Standard or "<Perneation>" as
the Gas Source, you will be noved to the Gas Nane field
where a primary gas can be selected from a list of
conponents for that Gas Standard (or Perm Oven). Press
Enter to drop down a list of gas conponents, select a gas
with the arrow keys and press Enter again to nove to the
next field. If the needed conponent is not present, it
can be added as descri bed on page 6-3.

For Dilution and GPT sequence types, you will be noved to a
field that allows you to select a source nmmss flow
controller that best suits the gas you are diluting. Enter
"1" or "2" here to select the desired MFC and press Enter
to proceed. The standard 4010 has only one source M-C,
maki ng "1" the only choice.
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[ 18]

[19]

[ 20]

Unli ke single-gas sequences, where the sequence type is
specified on page 1, Milti-gas sequences determ ne the type

of each point by what information is entered. |If a special
synbol is selected for the Gas Source, the type for that
point is determned by the synbol. If a Gas Standard is

selected for the Gas Source, the follow ng rules apply:

If the ozone is set to zero or left blank, the point is
considered a Dilution type.

If the primary gas concentration is zero or l|eft blank
and there is an ozone concentration, the point s
consi dered an Ozone type.

If a concentration is entered for both the primary gas
and ozone, the point is assuned to be a GPT type.

Keeping these rules in mnd, enter the primary gas and
ozone concentrations for this point (leaving a field bl ank

is equivalent to entering zero). Remenber which units you
selected for concentration so that your input is correct.
|f the nunber is not in the proper units, you wll probably

be pronpted with a pop-up box showi ng what the range of
concentrations nmust be for your entry. After entering each

nunber, press the Enter button. After entering both
concentrations, you wll now be noved to the Duration
col um.

Note that, regardless of the allowable range for primry
gas and ozone concentrations, zero (0) may be entered. | f
zero is entered for the primary gas concentration (or if
"<Zero>" is selected as the Gas Source), the 4010 wll
automatically turn off all source inlet valves to assure
that this is truly a "Zero" point. Li kewi se, if the ozone
concentration is set to zero, the ozone generator will be
turned of f.

Enter the nunber of mnutes that you wish this calibration
point to remain active when the sequence is tiner stepped.
Press the Enter button and you will be noved to the Gas
Source field of the next point.

Repeat steps 15 through 19 until all calibration points for
this sequence have been defined or until all 10 points on
the page have been entered. Wen page 2 is conpleted,
press F5 to proceed to page 3.
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[21] Figure 6-7 shows page 3 of a nulti-gas sequence. Pages 3
and 5 contain only two editable fields for each point; the
Gas Nanmes and the Primary and Ozone concentrations are
presented only for reference.
Mew Sequence (Page 3 of 52> More ...
Concentration Instrument
Primary Ozone Solenoid Point Status Outputs
Point Gas Mame (PPB> C(PPB> 1 6 1 89 16 17 24
1 <{Zero> 8 5] 1688080
2 802 450 8 160000
3 <Zero> 8 5] 910080
4 NO 450 A 018000
5 <{Zero> %) 5] 910000
6 NO Lee 8 0180080
7 NO LY TE) 450 910000
8 <{Zero> 8 %) 061080
g  <Ozone> %) 450 001000
18  {Zero> 8 8 1110808
More ...
Figure 6-7 New Sequence Screen (Multi-gas, Page 3 of 5)
Initially, the cursor wll be positioned on the first
| nstrunent Sol enoid field. Rat her than using check-boxes,
as in page one of single-gas sequences, mul ti - gas
instrunment solenoids are entered like digital 1/0Os, where
a "1" neans "on" and "0" neans "off". After you have
finished entering a "1" for each instrunment that is to be
activated for this point, press Enter to proceed to the
next field.
[22] If you have previously assigned User Digital 1/O Bits to

Point Status Qutputs you will be pronpted to select which
status outputs are associated wth this particular
calibration point. Bit positions indicated by a 1 or a 0
have been reserved for Point Status Qutputs and are
available to signal an external device when this

calibration point is active. Bit positions indicated by a
deci mal point have been assigned to other purposes and may
not be changed here. If all the bits are indicated by

decimal points and this feature is needed, then Sequence
Status Qutput bits nust be assigned in the Digital 1/0
G oup Assignnents screen under the Renpbte Activation nenu
(see Page 6-23).
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A 1l or a 0 can be inserted in each bit location that is not
indicated by a decimal point. Wen this point is
subsequently activated, the pattern of 1's and 0's will be
presented on the User Digital /O Bits as lows (0V) and
hi ghs (5V), respectively. After you have inserted your bit
pattern, press the Enter button. You will be noved to
I nstrunent Sol enoid field for the next point.

[ 23] Repeat steps 21 and 22 until all the Instrunment Solenoids
and Point Status OQutputs have been set up for each
calibration point or until all 10 points on the page have
been entered. If there nore than 10 points in this
sequence, press F5 after you have entered the first 10
poi nts. This takes you to page 4, which allows you to
program an additional 10 calibration points.

[ 24] When all points have been defined, the sequence information
can be reviewed by pressing F4 and F5 to page up and page
down. Informati on can be edited by positioning the cursor
using the F2 and F3 key to nove backward or forward between
fields and then entering the new information in the
hi ghli ghted field.

When finished, press End Sequence from any page. A nessage
will pop up asking if you want to save the sequence.
Responding "yes" wll save the sequence information you
have entered into non-volatile nmenory. Answering "no" wll
exit, discarding any information that has been entered.
Pressing End Sequence again will return you to the New
Sequence screen w thout saving or discarding information.

Auto Calibration Set-up

Once calibration sequences have been set up, they can be
manual ly initiated by selecting either the "Operator Stepped” or
"Timer Stepped" option fromthe "Run" item of the Sequence nenu.

In addition, calibrations can be automatically initiated. The
three nodes of automatic calibration available to Mdel 4010
users are "Schedul ed", "Renobte Sequence Activation" and "Renote

Poi nt Activati on".

Schedul ed sequences are configured under the Schedule area of

the Sequences nenu as described on page 6-21. For Schedul ed
sequences, the 4010 tinmer is used to initiate a sequence at a
particular time and date. The sequence is then automatically
stepped through all calibration points wusing the duration

programmed for each point when the sequence was set up.
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Schedul ed sequences can also be programmed to automatically
repeat at selected intervals.

For Renote Sequence Activation, User Digital I/O Bits nmust first
be assigned to the "Sequence Control Input” digital /O group as
described on page 6-23. A unique pattern of Sequence Control
| nputs, a "Sequence Start Pattern", is then assigned to each
sequence that is to be renotely activated (see page 6-26). \Wen
one of the Sequence Start Patterns is detected on the User
Digital 1/0O Bits, the sequence assigned to that pattern wll be
activated. The 4010 tinmer then takes control and steps through
each calibration point using the point duration for timng.

For Renote Point Activation, User Digital I/O Bits nust not only
be assigned to the Sequence Control Input digital 1/0O group, but
also to the "Point Control Input" group as described on page 6-
23. As for Renote Sequence Activation, a Sequence Start Pattern
must be first assigned to each sequence that will be renotely
activated (page 6-26). In addition, a "Point Start Pattern”
must be assigned to each point of each sequence that is to be
activated as described on page 6-27. When a Sequence Start
Pattern and a Point Start Pattern is detected sinultaneously on
the User Digital I/O Bits, the selected point of the indicated

sequence w || be activated. The point will remain active as
long as the pattern is present on the 1/0 bits. Unli ke the
ot her Aut o Cal i bration options, t he seqguence IS not

automatically stepped for Renote Point Activation; the renpte
controlling device is responsible for stepping the calibrator
through each <calibration point by changing the Point Start
Patt erns.

Scheduling Automatic Calibrations

To set-up the Mddel 4010 for Scheduled Auto Calibration, perform
the foll ow ng steps:

[1] Configure calibration sequences as described in the section
titled "Defining Calibration Sequences", on page 6-8.

[2] |If necessary, set the time and date to the correct |ocal
time as described on page 6-29.

[3] From the main nenu select Sequences and press the Enter
but t on. A pop-up nenu wll appear. Sel ect Schedul e and
press the Enter button. The Edit Sequence Schedul es screen
w |l appear, as shown in 6-8.
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[ 4]

[ 5]

[ 6]

[7]

Edit Sequence Schedules

— Hext Start - Frequency

Sequence MName Enabhled mm-dd-yy hh:imm Dayz hh:imm
DILUTION [¥1 121897 23:45 i Aa: 88
GPT [¥1 121997 BAA:15 i A : 88
MULTI-GAS [ 1 Ai-81.-98 @1:45 3a A : A
OZ0ONE [¥1 121997 BBA:45 i

Figure 6-8 The Edit Sequence Schedules Screen

From the Edit Sequence Schedul es screen, arrow down to the
sequence you want to schedul e. Not e: Al'l sequences that
have been initialized in the 4010 will be listed in the
Edit Sequence Schedules Screen under the Sequence Nane.
Place an X in the Enabled area of the screen to activate
t he scheduling for that sequence.

Next fill in the day, nonth, year, hour and mnute under
Next Start, for the tinme and date you w sh the sequence to
be activat ed. Note that when the screen is saved, if any
of the Next Start tinmes that were entered are found to be
in the past, they wll be automatically advanced by the
Frequency until they are in the future. Al so, any tine a

schedul ed sequence is automatically activated, the Next
Start tinme will be updated by addi ng the Frequency.

Next fill in, under Frequency, the days, hour and m nutes
that should el apse between each automatic starting of the
sequence. The frequency for days can be 0 through 365
days. For performng this calibration every day a 1 would
be entered in Days. If the calibration is to occur at the
sane tinme every day, the hours and m nutes should be set to
"00: 00". If the days, hours and mnutes are all set to
zero, the sequence will only run once at the indicated Next

Start tinme and will not repeat,

Repeat steps 4 through 6 as necessary to schedul e other
sequences.
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[8 Wien all of the sequences have been schedul ed, press the

End Sequence button. You will be pronpted to save the
information or not. The cursor will be on the "Y' for
savi ng. Press the Enter button and the initialization wll
be saved. If you wish to discard the new initialization,

arrow to the "N' and press the Enter button.

Digital I/O Group Set-up

If the User Digital 1/O is to be used for signaling sequence
status or for renotely activating sequences or sequence points,
each of the 24 bits nust be assigned to their respective
pur poses before these functions can be activat ed.

The 24 User Digital 1/O Bits can be activated renotely by an
external device, such as a data acquisition system or they can
be used to signal the external device of when a sequence and/or
its calibration points are active. In other words, the 24 bits
can be used as control inputs or status outputs.

Each bit is active-low pulled up to 5 Volts. This means that,
when the bit is inactive, as indicated by a "0" on the status
screens, a voltneter neasuring the rear panel pin corresponding
to that bit will neasure high; approximately 5 Volts. When t he
4010 or an external controlling device activates a bit, as
indicated by a "1", the pin wll be pulled low, close to O
Vol t s.

There are five "Digital 1/0O Goups", each group serving a
di fferent pur pose. Three  groups are for controlling
calibrations renotely and two are for signaling the status of
calibrations in progress. Each bit may only be assigned to one
group. The Digital 1/0O Goups are:

Abort Control Input Normally, only one bit is assigned to
this group. When the bit is active
(low), any sequences in progress wll
be term nat ed.

Sequence Control Inputs These inputs are used for Renot e
Sequence Activation (see page 6-21) or
in conjunction with the Point Control
Inputs for Renpte Point Activation.
Each sequence that is to be renotely
activated should have a unique pattern
of Sequence Control Inputs.
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Point Control Inputs These inputs are used in conjunction
with the Sequence Control Inputs for
Renote Point Activation (see page 227).
Each point that is to be renotely
activated wthin a particular sequence
should have a unique pattern of Point
Cont r ol I nputs for t hat sequence.
Point Control |Input patterns nust be
unique wthin each sequence, but the
sane pattern may be used for different

sequences.
Sequence Status Outputs These bits are configured as outputs
whi ch signal when a particul ar sequence
is active. The bit pattern that is

produced on the output depends upon
what was entered during sequence setup.
More information about setting up
Sequence Status Qutputs may be found in
the section starting on page 8.

Point Status Outputs These bits are configured as outputs
which signal when a particular point
within a sequence is active. The bit

pattern that is produced on the output
depends upon what was entered during
sequence point setup. Pages 14 and 18
contain nore information about setting
up Point Status Qutputs.

When setting up the digital 1/0O Goups, renenber that no bit my
be assigned to nore than one group. To assign a bit to a group,
first nmove the cursor to the correct bit position by using the
arrow keys and then press "1" (to un-assign a bit, press "0").

This bit pattern information should be used when mapping the
I nput connections to connector pins or wires when installing the
Model 4010 as described in Section 4, Installation.

The Digital 1/0O Goups nay be set up by the foll ow ng procedure:

[1] Select Sequences under the main nenu and press the Enter
button. A pop-up nenu will appear.

[2] Select Renmpte Activation fromthe nmenu. A pop-up nenu wl|
appear.

[3] Select Digital 1/O Goups from the pop-up nenu and press
the Enter button. The Edit Digital 1/0O Goup Assignhnents
screen will appear, as shown in Figure 6-9.
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[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

Edit Digital I.-0 Group Aszignments

Digital I-0 Bits

Group Category 1 8 9 16 17 24
Abort Control Input = ... ..... ........ HEABAAAL
Sequence Control Inputs: 1111.... .......- [5]6]515]15]5)5 0
Point Control Inputs: ....1111 ........ [G]6]1510]15]515 0
Sequence Status Outputs:

Point Status Outputs:
Motes:

Presz 1 or ¥ to assign a bit.
Presz @ or N to unassign a bit.
Each bit can be assigned to only one category.

Figure 6-9 The Edit Digital I/O Group Assignments Screen

If a separate Abort Control Input is needed (that will be
used to term nate a sequence), initialize it by setting the
desired bit to "1". When finished, press Enter to proceed

to the next field.

Identify the bits that will be used for Renbte Sequence
Activation by setting the bits to "1", then press Enter to
proceed to the next field.

Identify the bits that wll be used for Renpte Point
Activation by setting the bits to "1", then press Enter to
proceed to the next field.

Identify the bits that wll be used as Sequence Status
Qutputs by setting the bits to "1", then press Enter to
proceed to the next field.

Identify the bits that will be used as Point Status CQutputs
by setting the bits to "1", then press Enter to proceed to
the next field.

When all of the 1/0O bits have been identified, press the

End Sequence button. You wll be pronmpted to save the
information or not. The cursor will be on the "Y' for
savi ng. Press the Enter button and the initialization wll
be saved. If you wish to discard the new initialization,

arrow to the "N' and press the Enter button.

Assigning Sequence Start Patterns

Any of the 20 possible sequences nmay be activated when the Model
4010 is configured for Renpte Sequence Activation.
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To set-up the Mdel 4010 for Renote Activation Calibration,
performthe foll owm ng steps:

[1] Configure calibration sequences as described in the section
titled "Defining Calibration Sequences”, on page 6-8.

[2] Select Sequences under the main nenu and press the Enter
button. A pop-up nenu will appear.

[3] Select Renpte Activation fromthe nmenu. A pop-up nenu wl|
appear .

[4] Select Sequence Start and press the Enter button. The
Sequence Start Renpte Activation Patterns screen shown in
Figure 6-10 w || appear.

Segquence Start Hemote Activation Patterns

Seguence Start Pattern

Sequence Mame 1 8 9 16 17 24
DILUTION B@a1. ... ........ a-a.a-a
GPT aade. ... .. ... ..-...-.
MULTI-GAS g1@88. ... _......- ‘.-.----
OZONE

Motes:

1 = On{Contact Closure or Logic Low). B = Off (Contact Open or Logic Highl.
Sequences with start pattern only: Automatically timer—stepped.

Sequences with start and point patterns: Point changes with bit pattern.

Figure 6-10 Sequence Start Remote Activation Patterns Screen

Notice that sone of the bits are set to either "0" or "1"
and the rest are indicated by deciml points. The bits
indicated by "0" or "1" have previously been assigned as
Sequence Control Inputs and nmay be used for entering bit
patterns. If all the bits are indicated by decimal points,
then set up the Sequence Control Input group as described
on page 6-23 in the section Digital 1/0 Goup Set-up.

[5] The sequences that have been initialized and saved wll be
listed in this screen under Sequence Nane. Arrow down to
the sequence whose start bit pattern you wsh to
initialize.
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[6] Assign a unique bit pattern that will be used to start this
sequence by entering 1's or O0's. When finished, press
Enter or an arrow key to nove to anot her sequence.

[7] Repeat steps 5 and 6 as necessary until a unique pattern
has been assigned to each sequence that will be renotely
activated.

[8] When finished, press the End Sequence button. You wll be
pronpted to save the information or not. The cursor wll
be on the "Y' for saving. Press the Enter button and the
initialization wll be saved. If you wish to discard the
new initialization, arrow to the "N' and press the Enter
but t on.

Assigning Point Start Patterns

Any points in any of the 20 possible sequences nay be activated
by neans of the User Digital 1/O Bits when the Mdel 4010 is
configured for Renote Point Activation.

To set-up the Mdel 4010 for Renote Point Activation, perform
the foll ow ng steps:

[1] Configure calibration sequences as described in the section
titled "Defining Calibration Sequences”, on page 6-8.

[2] In order to renotely activate a point, the sequence
containing the point nust have a unique Sequence Start

Pattern assigned to it. The Sequence Start Pattern is used
in conjunction with the Point Start Pattern to uniquely
identify a point to activate. | f not already done, assign

a Sequence Start Pattern as descri bed on page 6-24.

[3] Select Sequences under the main nmenu and press the Enter
button. A pop-up nenu will appear.

[4] Select Renote Activation from the nenu. Anot her pop-up
menu w || appear.

[5] Select Point Start and press the Enter button. A list of
sequences wi |l be presented.

[6] Select the nane of the sequence whose points you want to
assign Point Start Patterns to. The Point Start Renote
Activation Patterns screen shown in Figure 6-11 wll
appear .
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Point Start Remote Activation Patterns
Point Start Pattern Point Start Pattern

Point 1 89 i6 17 24 Point 1 89 i6 17 24

1 O [ | 11

2 T | i 1§ 12

3 O " | s 13

4 O i 3 1 14

Y O " i 1 15

b O i s 5 o 16

7 O " i s s 17?7

L] e 1 | 1 o 18

7 e 1 | 17

18 s 1 i 15 o 28
Motes:
1 = On{Contact Closure or Logic Low). B = Off (Contact Open or Logic High).
Seguences with start pattern only: Automatically timer—stepped.
Sequences with start and point patterns: Point changes with hit pattern.

Figure 6-11 Point Start Remote Activation Patterns Screen

Notice that sone of the bits are set to either "0" or "1"

and the rest are indicated by deciml points. The bits
indicated by "0" or "1" have previously been assigned as
Point Control Inputs and nmay be used for entering bit
patterns. |If all the bits are indicated by deci mal points,

then set up the Point Control Input group as described on
page 6-23 in the section Digital 1/0O G oup Set-up.

[7] Each of the 20 possible points are shown on the screen.
Arrow down to the point whose Point Start Pattern you w sh

to set up.
[8] Enter the unique bit pattern that will be used to activate
this point by entering 1's or O0's. When finished, press

Enter or an arrow key to nove to another point.

[9] Repeat steps 7 and 8 as necessary until a unique pattern
has been assigned to each renotely activated point.

[ 10] When finished, press the End Sequence button. You will be

pronpted to save the information or not. The cursor wll
be on the "Y' for saving. Press the Enter button and the
initialization wll be saved. If you wish to discard the

new initialization, arrow to the "N' and press the Enter
but t on.
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Setting the Time and Date

To set the tinme and date, performthe follow ng steps:

[1]

[ 2]

[ 3]

[ 4]

[ 5]

From the main nenu select System and press the Enter
button. A pop-up nenu will appear.

Select Set Clock and press the Enter button. The screen
shown in Figure 6-12 will appear.

Set System Clock

Date C(lmmAdd-syy >z 1217297
Time ¢ hh:mm:=zz »: [EHEEY

Figure 6-12 Set System Clock Screen

Select the desired date format that will be used in all
4010 screens. The options are mmdd/yy, dd/ mmyy and
yy/mmidd, wth either a "/" or "-" as the separator
character.

Set the Date and Tine by entering the date and tinme. It is
not necessary to enter the "/" or ":" separator characters.

Upon conpletion, press the End Sequence button. You w |
be pronpted to save the information or not. The cursor
will be on the "Y' for saving. Press the Enter button and
the initialization wll be saved. If you wish to discard
the new initialization, arrow to the "N' and press the
Ent er button.

Upon saving, the tinme and date are witten to the internal
battery backed cl ock.



Serial Communications Page 7-1

Section 7 Serial Communications

The Moddel 4010 incorporates two serial RS-232 ports, which can
be attached to a nodem or personal conputer for renote
configuration, operation, control and for updating the operating
program

The renote termnal feature allows a user to renotely interact
with the 4010. Wile in this "termnal node", the user can view
an exact image of the 4010’s display on a renote term nal screen
and access any function that is available on the unit’s front
panel .

The Model 4010's operating software and user configurations are
contained in flash EPROM a solid-state non-volatile type of
menory that is configured to enulate a hard disk drive. These
program or configuration files can be easily updated via the
communi cations link, elimnating the need to physically change
EPROMs or cards in order to incorporate new software features.

In addition to termnal node, the Mydel 4010 supports a serial
command node. This nbde nakes it possible to interact with the
unit via the serial comunications port using a protocol nore
suitable for renote control by a conputer

Usi ng serial conmands, sequences and points can be started or
stopped and several other 4010 features can be accessed. Thi s
capability opens up a nunber of applications involving renote
control of the Mdel 4010 by local or renotely located PCs or
direct control by a datal ogger.

Operating Modes

There are two nodes of operation for the serial ports: term nal
node and command node. Termnal node allows a user to interact
with the 4010 using a renote termnal. Command node all ows
anot her conputer or datal ogger to control and nonitor the 4010
using a conmmand protocol. Bot h operating nodes may be used on
the sanme serial port, however the correct node of operation nust
be selected first. Foll owi ng are descriptions of how to change
nodes.
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Terminal Mode If the renote termnal is enabled when
the 4010 first powers up, the termna
nmode will automatically be selected and
a log-in will be requested. |[|f comuand
node is active, termnal node can be
sel ected by pressing the ESC key tw ce

in succession. This wll cause the
4010 screen to appear on the renote
term nal

Command Mode If a protocol is enabled, the 4010

serial port automatically switches to
conmand node any tine a start of
command character is received (an "@,
for the M. protocol). The port remains
in conmand node until termnal node is
sel ected or the

Prerequisites

In order to communicate with the Mdel 4010 renotely, the
foll ow ng equi pnrent wll be needed:

A conputer with at | east one serial RS-232 port capabl e of
running termnal enulation software. For a renote tel ephone
connection, an internal or external Hayes conpati bl e nodem
w Il al so be necessary.

For term nal node communications, a termnal enulation program
capabl e of enulating ANSI term nals and supporting the Znodem
file transfer protocol. Proconmfor DOS, a w dely available
termnal emulation program w Il be used in the follow ng
descri ptions, however other products are equally applicable.

If the unit is to be accessed via tel ephone |ines, two nodens
wi |l be necessary: one for the conputer and one for the Model
4010. A Hayes conpati bl e external nmodemis recomrended for

t he Model 4010. The baud rate should be at |east 2400,

however 9600 baud or greater is highly reconmended. The nopdem
nmust be capabl e of retaining setup information, either by
saving to non-volatile nenory or by setting DI P swtches.
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An RS-232 cable w il be needed to connect the Mdel 4010 to
the conmputer or nodem The type of cable used will depend on
whet her a conmputer or nodemis to be attached. Since the
Model 4010's COML and COWMR connectors adhere to the 9 pin
standards established for personal conputers, both types of
cables are readily available. Tables 4-6 and 4-7 list wiring
connections for these cabl es.

For direct conputer connection, a null nodemcable will be
needed. The Model 4010 end of the cable nust have a 9 pin
femal e connector. The conputer end should be either a 9 pin
or 25 pin fermal e connector, depending on the conputer's
connector type. An ordinary 9 pin female to 25 pin nmal e nodem
serial cable wll be needed for a nodem connecti on.

Configuring the Modem

Bef ore connecting the Mdel 4010 to a nodem the nodem nust be
configured to answer the phone and act as a "dunmb” nobdem | f
the nodem has DI P switches, this can usually be done by setting
the switches appropriately. Many of the newer nodens, however

have no switches, but nust be set up via software. This can be
acconplished by attaching the nodem to a PC or termnal and

entering the instruction codes as described below Once the
settings have been entered, they nust be saved to the nobdenis
non-vol atile nenory. Following is a brief description of the

commands that should be entered in order to configure a Hayes
conpati bl e nodem for proper auto-answer operation with the Mdel
4010.

AT&C1 Enable Carrier Detect: The carrier detect line is used to
informthe Mddel 4010 when a carrier tone i s detected.

AT&S1 Enable DSR Control: Wien DSR is enabled, the DSR Iline
will be controlled by the nodem DSR will be |ow when
the nmodem is in command node and high when the nbdem
is on-line. Wen this |ine is dropped, the Mdel 4010

automatically termnates the renote session. When it
is brought high, the Model 4010 presents a log-in
nessage.

AT&D3 Disconnect when DTR Drops: Wen a renbte communi cations
session is termnated or tines out, the Mdel 4010
will drop the DIR line. Thi s nodem command instructs

the modem to disconnect and reset itself when DIR is
dr opped.
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ATA Auto-Answer: This conmmand causes the nbdem to go off-hook
and answer when the phone rings.

ATEO Disable Command Echo: This prevents comrand characters from
bei ng echoed.

ATQ1 Disable Result Codes: This prevents conmand result codes (e.qg.
"OK" when a command is accepted) from being sent to
t he Model 4010.

AT&WO Save Configuration: Saves the settings to non-volatile
menory. NOTE: Though nobst nodens support this
command, not all nodens contain non-volatile nenory.
If the nobdem does not have non-volatile nenory, all
settings will revert to factory defaults when the
nodemis reset or power fails.

Though these are the nobst inportant conmands for an auto-answer
application, there are many other options available for specia
si tuati ons. The nodem s instruction nmanual should be referred
to for nore detailed information.

Setting Up the Com Ports

The Model 4010 can be configured for renote conmunications by
selecting "Port Setup" under the "Conmmt nenu and then sel ecting
either Conl or ConR. After a com port is selected, the screen
shown in Figure 7-1 w || appear.

Coml Port Setup
Remote Terminal Baud Rate: Parity:
Enahled: ¢ » 114 () Hone
Yes ¢ > 388 ¢ > 0dd
¢ > Mo ¢ > 688 ¢ > Even
¢ » Space
Command Mode ¢ » 1208 ¢ » Mark
Enahled: < > 2400
%) Yes < > 4808 Stop Bits:
¢ > Mo (=) 7608 Cx) 1
< > 2
Real-time logs: < 2 19208
[ 1 Photometer ¢ > 384008 Handshaking:
< » L76080 < » Mone
¢ > 115288 (=) HOH-XOFF
{ » RTS-CTS
< » DTR-DSR

Figure 7-1 Port Set-up Screen
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The followi ng options are available fromthis screen:

Remote Terminal Enabled This option nust be set to yes to

enabl e renote term nal node.

Command Mode Enabled his option nmust be set to yes to enable

conmand node.
--- NOTE - - -

Al though nobst settings in this screen (e.g.
baud rate, etc.) are inplenented when the
screen is saved, the Mydel 4010 program nust
be re-started before changes to the Renote
Term nal Enabled or Command Mde Enabled
options will be inplenmented. The system can
be re-started by selecting "Restart Progrant
fromthe "System nenu.

Real-Time Logs If the photonmeter option is installed,
checking this box will enable a | og of data

rel evant to t he phot oneter's

measurenents to be transmtted
serial port.

ozone

t he

Baud Rate The baud rate nust be set to a value that
matches the baud rate of the renote
comput er. Normal Iy, the higher the baud
rate, the better, however if comrunications
errors appear frequently, the baud rate
shoul d be | ower ed.

Parity, Stop Bits, Etc. Except for speci al appl i cati ons, t hese
items should be left at their default
val ues of no parity and one stop bit. Data
bits are fixed at 8. These are also the
defaults for nost comunications devices
and term nal enul ation prograns.

Handshaking This selects the type of handshaking to use

for flow control. XON- XOFF is a software
protocol, while RTS-CTS and DIR- DSR are
har dwar e protocols which use RS-232 contro
l i nes. For nost applications, XONXOFF is

the Dbest choice since it S
i ndependent .

har dwar e
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Setting Up the Remote Terminal

The following term na

node options can be changed by sel ecting

"Renote Term nal"

under the "Commi nmenu ( Figure 7-2 ):

Remote Terminal

File Transfer: Remote Seszion Timeout: M Minutes
Zmodem

Real-Time Update Rate : 5§ seconds

Figure 7-2 Remote Terminal Setup Screen

Remote Session Time-out This selects the tine period that
Model 4010 allows after the last keyboard
activity before termnating the renote

Real-Time Update Rate

session and disconnecting. When
session is termnated, the DIR line

t he

t he
will

be dropped, causing an attached nodem to
di sconnect (that is, if it is set up to
handle DTR in this way, as described

earlier).

Sone screens, such as the status screen
and diagnostic screens, update the real-

time data at a one second rate on
front panel, however this nay be

t he
t oo

frequent for renote operation at |ower

baud rates. This option allows the

time

between screen refreshes to the renote
t er m nal to be i ncreased, wi t hout
affecting the update rate on the front

panel .



Serial Communications Page 7-7

Setting Up the Command Protocol

If the renote command node is used, the follow ng command node
options may be changed by selecting "Comrand Mode" under the
"Conmm nmenu (Figure 7-3):

Command Mode Setup
Model 4818 Address:IE Protocol: Error Checking:
Multi-Drop Mode ¢ ez <x*)Mo C*) Monitor Lahs <) Mone
Return Error Code :C ez (=)Mo ¢ > Other ¢ » Checksum
¢ » CRC

Command Start: Response Start: Acknowledge - Megative Ack:

¢ 3 None ¢ 2 None ¢ 23 Hone ¢ 3 Hone

C ¢ 2 Acknowledge <> 'R ¢ 2 'N'

Cx) ‘[t C=) {CR> Cx) CACK> Cx) <NAK>

¢ 3 Other: ¢ 3 Other: ¢ 3 Other: ¢ 3 Other:
Command End: Field Separator:

(=) {CR> (=) Comma

¢ 3 {CR>LF> C 3 {Tah>

¢ 3 Other: ¢ 3 Other:

Figure 7-3 Command Mode Setup Screen

The Command Mbde screen allows the protocol to be custom zed to
a certain extent. Following are descriptions of the itens found
on this screen:

Model 4010 Address The calibrator address nust be assigned a
val ue between 0 and 255. The cali brator
will only respond to protocol commands if
the address in the command matches the
address entered here. VWhen nmuti-drop is
di sabl ed, the address field wll be
ignored, though it nust still be present
in the protocol.
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Multi-drop Mode Though the 4010's serial RS-232 ports do
not normally support nulti-drop operation,
with external hardware, they can be made
to enable the transmtter only when a
command with the 4010's address is
recogni zed. | f multi-drop node is
selected, the 4010 will activate the DIR
Iine when responding to a command with the
proper address. This, in turn, would
activate a solid-state relay that connects
the 4010's transmt |ine. Normal 'y, the
DTR line wll remain low |eaving the
transmtter disconnected.

Return Error Code Though not a standard part of the M
protocol, if error codes are enabl ed, they
can provide an inval uable diagnostic tool
for t roubl eshoot i ng commruni cati ons
pr obl ens. Wen enabled, a two digit
numeric  code, termnated by a <CR>
character, wll follow the <NAK>. A
listing of possible error codes is

provi ded on page 23.

Protocol Currently, only one conmand protocol (the
Monitor Labs protocol) is supported by the
Model 4010, however ot hers may be

supported in the future. I f Monitor Labs
is selected, all other options wll be
pre-set to the standard settings for the
M. pr ot ocol .

Error Checking If the M. protocol is selected, no data
verification will be selected by default,
however it is possible to select data
verification for the M. protocol, even
though it is not a standard feature of the
pr ot ocol . The section entitled "Data
Verification Field" on page 7-22
provides nore detail on these data

veri fication nethods.

Command Start The start-of-command character. The "@
synbol is the default for the M. protocol.
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Response Start The character that initiates a response
when data is returned. The <CR> character
is the default for the M. protocol.

Acknowledge The response character that acknow edges
t he execution of a conmmand when no data is
retur ned. The <ACK> character is the

default for the M. protocol.

Negative Acknowledge The response character that indicates that
there was a problem responding to the
conmmand. The <NAK> character 1is the

default for the M. protocol.

Command End The end-of-comand character. The <CR>
character is the default for the M
pr ot ocol .

Field separator The character used to separate paraneter

or data fields in commands and responses.
The comma character is the default for the
M. pr ot ocol .

Configuring the Computer for Terminal Mode

The conputer's termnal emulation program nust be configured

before a successful renote connection can be nade. Fol | owi ng
are several considerations and descriptions of how to set up
each item in Procomm for DOCS. For nore details, refer to the

term nal programs docunentati on.

The following itenms can be configured in Procomm for DOS by
entering the Line/Port Setup screen with the ALT-P comand:

Comm Port Select the comm port (usually COVL or
COM2) to which the Mddel 4010 or nodemis
attached.
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--- NOTE - - -

A frequent source of problens when setting
up conmunications links on [BM conpatible
PCs are conflicts wth the nouse and
internal nodem ports. Al so, though sone
conput ers support COVMB and COW, these ports
usual ly share interrupts with COML and COW,
respectively. This can cause conflicts when
COML and COMB or COWM and COwWM are used
si mul t aneousl y.

Baud Rate The baud rate nust be set to a val ue that
mat ches the baud rate of the Mdel 4010
and is wthin the capability t he
conput er. Normal Iy, the higher the baud
rate, t he better, however if
comuni cations errors appear frequently,
t he baud rate shoul d be | owered.

Parity, Data & Stop Bits Except for special applications, these
paraneters should be left at their default

I n additi on,

values (no parity, 8 data bits and one
stop bit). These are also the defaults

for the Mdel 4010.

the followi ng itens should be confirmed or set-up.

Terminal Emulation This should be set to ANSI. In Procomm

ANSI  is the default, but it
confirmed by selecting "Term nal
fromthe ALT-S nenu.

Disable Status Line Many t erm nal enul ati on
i ncluding Proconm for DOS, use the bottom

line on the screen to present
i nformati on. Si nce t he Model

presents information on all 25

can
Opt i ons™

be

progr amns,

stat us

4010

i nes of

the screen, the termnal program s status

| i ne shoul d be disabl ed. In Procomm

IS acconpl i shed by

"Di splay/ Sound Options" from the

nmenu.

this

sel ecting
ALT-S
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Operating the Model 4010 Remotely using Terminal Mode

Once the Mdel 4010 and all nodens, conputers and cables are

configured correctly, it is sinple matter to establish a
communi cations link and operate the Mdel 4010 renotely. The
Model 4010 can sense that a conmunications link is active by

monitoring the DSR line. \When a connection is sensed (e.g. when
the nodem answers the phone or a cable is attached), the Mde
4010 will present the follow ng | og-in nessage:

Sabi o Mbdel 4010 Dilution Calibrator Renpte Access

Press any key to continue ..

Sinply pressing a key will log into the Mbdel 4010 and an exact
i mge of the Mdel 4010's front panel display will be presented
on the renote conputer's screen. Subsequently pressing keys,
either on the front panel or at the renote conputer, wll cause
both screens to respond accordingly.

If commuand node is enabled and a comand is sent, the 4010
automatically switches to command node. Pressing the ESC key
will return the 4010 to term nal nopde.

Most keys on the renote conputer's keyboard correspond to

equi val ent keys on the Mdel 4010's front panel, however there
are a few exceptions, which are |isted bel ow

Tabl e 7-1 PC Keyboard Mbdel 4010 Key Mappi ng

Mbdel 4010 PC

Front Panel Keyboar d Functi on

F2 Shift-TAB Go to the previous field.
F3 TAB Go to the next field.

F4 PgUp Go to the previous page.
F5 PgDn Go to the next page.

F6 ALT-V Toggl e vol tage/eng. units.
F7 ALT- U Change units.

St andby Honme Go to the top nenu bar

St at us F8 Di splay the status screen.
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Audi t F9 Di spl ay t he Run Sequence
menu.

Set - up F10 Di spl ay the Sequence nenu.

D ag F11 Di splay the Diag nmenu.

Report F12 Print the Mbdel 4010 screen.
End Seq. ESC Back up one nenu | evel.

Pur ge ! Purge the inlet.

ALT --- Toggl es ALT node.

Note: that the ALT key on the front panel has a different
function from the conputer's ALT key. The Mddel 4010's ALT key
enables or disables the ALT node, which allows shifted
characters to be accessed. The ALT key on the PC keyboard
alters the meaning of another key held down sinultaneously, but
does not toggle the Model 4010's ALT node.

Updating the Operating Program

The Model 4010's operating program and configurations can be
updated renotely by wusing the Znodem file transfer protocol.
Any tinme a user is logged in to a Mddel 4010 renotely, a Znodem
file can be sent or "downl oaded". The Mbdel 4010 automatically
recogni zes that a file transfer is comng and receives the file.
Wiile the file is being received, a file transfer status screen
will be presented on the Mdel 4010's front panel (but not on
the renote termnal's screen), indicating the transfer's
progress (See Figure 7-4).

Receiving File

File Hame: 4010.exe
File Size: L22704
File Count: 1

Transfer Type: ZMODEM
Block Check: 32 bit CRC
Block Size: HEL

Block Count: 37
Byte Count: 39936
Error Count: ]

ReadFileData: read @38912_

Figure 7-4 File Transfer Status Screen

The non-volatile flash nenory in the Mddel 4010 is configured to
appear to the system as hard disk drive C. There are two main
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sub-directories in drive C, C\4010 and C\CONFI G which contain
the operating prograns and user configurations, respectively. A
third directory, C \DOMLOAD, receives downl oaded files where
they remain until the systemis re-started. Wen the Mdel 4010
is re-started these files are transferred to their appropriate
directories, after which the C \DOMLOAD directory should be

enpty.

Followng is a description of the program and configuration
files that may be downl oaded to the Model 4010:

c:\4010 directory:

4010.exe This is the nmain operating program
4010msg.cfg The conpil ed nessage file that contains the Mde
4010' s screen text.
--- CAUTION - - -
The 4010nmsg.cfg and 4010.exe files nust be
of the same version. If a msmatch occurs,
an error nessage wll be presented and the

Model 4010 programw || not start.

4010def.cfg The factory default file.

4010gas.cfg The default gas file.

4010gas.idx The default gas file's index file.
4010init.exe Initializes the Mbdel 4010 hardware.
4010logo.exe Presents the Model 4010 | ogo screen

4010boot.bat & These batch files work together to nove
4010file.bat downl oaded information to their appropriate
directories and start the Mddel 4010 program

c:\config directory:

--- NOTE - - -

Most of the following configuration files
(*.cfg) have an i ndex file (*.i1dx)
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associated wth them These two files
shoul d be kept together.
If any of the *.cfg files are not present,
either an enpty file or a default file wll

dynparms.cfg

be created along with their

files.

Cont ai ns

and device calibration data.

associ at ed i ndex

the system paraneters, device paraneters

When dynparns. cfg

is not present, a new file will be created and
the factory defaults wll be copied from
c:\ 4010\ 4010def . cf g.

gas.cfg Contains the gas table. When gas.cfg is not
present, a new file wll be created and the
def aul t gas tabl e will be copi ed from
c:\4010\ 4010gas. cf g.

gasstd.cfg Contains informati on about the gas standards.

pasgn.cfg Cont ai ns port assignnent information.

seq.cfg Cont ai ns i nformati on about sequences and points.

permdev.cfg

Cont ai ns

i nformati on about perneation devices.

poven.cfg

Descri bes the perneati on oven contents.

The follow ng procedure describes how to update the Mbdel
DOs:

operating software using Procomm for

--- NOTE - - -

Bef ore downl oadi ng software,
configuration and
shoul d be recorded.
during the download procedur
necessary to re-enter
i nformation.

[1] Connect to and log into the Model

previ ous sections.

Press
fromthe pop-up w ndow t hat

[ 2]

lists f

calibration
| f something goes wong

sone of

the PgUp key on the PC s keyboard.

4010' s

Model 4010
i nformati on

al |

e, it my be

this

4010 as described in the

Sel ect Znodem

ile transfer protocols.
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[ 3]

[ 4]

[ 5]

[ 6]

A "Send Znodent w ndow will pop up, pronpting for a file
name. Enter the path and file nanme. |If nore than one file
is to be sent, wld cards can be used.

Examples:

a:\ 4010\ 4010. exe Sends the main Mddel 4010 program

a:\config\seq.* Sends the seq.cfg and seq.idx files

a:\ 4010\ 4010*. * Sends all Mdel 4010 programfil es.
A Procomm transfer status wi ndow will pop up displaying the
progress of the file transfer. A simlar screen will pop

up on the Mddel 4010's front panel.

When the transfer is finished, Procomnm will beep and flash
"COWPLETED' in the transfer status w ndow. The Mbdel 4010
will display the nessage "*** File Transfer Successful ***"
on both screens. Press escape to close the Mdel 4010's
transfer status w ndow.

Restart the Mdel 4010 by selecting "Restart Progrant from
the "Systeni nenu. The renote termnal session will [|og
off and the Mddel 4010 will re-start. On the Mdel 4010's
front panel, the nessage "New files have been downl oaded;
Updating ..." will be presented, after which the downl oaded
files will be copied to their appropriate directories.

Wen the main Mdel 4010 program starts, it automatically

checks for conflicts between file versions. If conflicts
are discovered, error nessages wll be displayed. In the
case of configuration file conflicts, an option to create a
new, enpty file will be given. If there are no conflicts,
the Mddel 4010 program will start and new program and/ or
configuration files will be in effect.

--- CAUTION - - -

Since the communications link is term nated
during the restart process, start-up error
messages are only presented on the Model
4010's front panel. Care should be taken to
assure ver si on conpatibility bef ore
downl oading files froma renote |ocation.
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Disconnecting

A renote comuni cations session should normally be term nated or
"l ogged out" by selecting the "D sconnect” option under the
"Comm nenu. In addition, the Mddel 4010 wll automatically | og
out if any of the follow ng situations occur:

|f a nbdemis connected, and carrier is |ost.
If the RS-232 cable is di sconnected.

If there is no keyboard activity for the Renote Session Tine-
out peri od.

Operating the Model 4010 Remotely using Command Mode

The Moddel 4010 currently supports the protocol used by Monitor
Labs, Inc. for interconnecting their |ine of air quality
anal yzers. This section describes this protocol in detail and
presents descriptions of the comands available for renote
interaction with the Mdel 4010. Wthin this section, the
foll ow ng conventions are used wthin command descri ptions.

X A single letter represents an ASCII character.

XXX  Fields with all capital letters indicate fixed length fields.

{} Curly brackets surround variable-length fields.

[ ] Square brackets surround optional fields.

<> Items enclosed by less/greater than brackets are non-printable characters.
: The comma is an ASCII comma character.

Spaces found within commands are not a part of the protocol.

The Monitor Labs Protocol

The Mnitor Labs protocol is designed for interconnecting the
Monitor Labs line of air quality analyzers in a nulti-drop RS232
net wor k. This protocol does not normally support error
checking, however a data verification field will be appended to
the end of comands and responses if one of +the data
verification nethods is selected when setting up the conmand
node opti ons.
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Fields in M. conmands and responses can vary in length, nmaking a
field separator necessary. By default, the comma character (2C
hex) is used as a field separator to indicate the end of one
field and the begi nning of the next.

Number Representation (Floating Point)

The Monitor Labs protocol represents all numeric values as
floating point (or integer) ASCII nunbers wth the nost
significant digit transmtted first. The nunber can include a
decimal point and sign and can be presented in scientific
notation, will an E+xx inmmediately follow ng the nunber (with no
space), where xx is the exponent and + is the sign (positive or
negative). Follow ng are exanples of |egal numeric val ues:

1 123.456
123456 +1.23456
-1.23456 -1.23456E+02
Nunbers representing analog or calculated values wll be

presented in the default engineering units, regardless of what
units are currently being displayed on the 4010°s screen at the
tine.

Digital Word Representation

The group commands that accept or return groups of digital data
in the Monitor Labs protocol represent the state of each digital
|/O bit as an ASCI| one or zero, where a one indicates and on or
active condition.

In the Model 4010, there are two digital /0O groups, the Contro
Qut puts (that activate solenoid valves, etc.) and the User |/Q
Each group consists of 24 digital 1/O bits and is represented by
24 ASCIl O0Os or 1s. Wthin each group of bits, the | owest
nunbered I/O point is transmtted first as shown in the exanple,
bel ow:

Bit#: 1 89 16 17 24
Data: 11000101 11101010 00100100
ASCIl Value: 110001011110101000100100
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Command Structure

Each ML command begins with a start of command character (the
"@ synbol) followed by a command, an address, an optional data
field and termnated by a carriage return. |[If there is data, it
will be presented as paraneter fields separated by commas. All
characters except the termnating carriage return nust be
printable ASCI | characters. One exception are optional <STX>
and <ETX> characters (not shown), which are ignored, but allowed
for the sake of conpatibility.

Command Structure

| @ {cmd}, {addr}, [{param1},] - - - [{param1},] [CHK] <CR>|
Where:

: = Comma (field separator)

@ = Start of Command (40 hex)

{Cmd} = Command Character

{Addr} = Address

{ParamX} = Parameters (optional)

[CHK] = Optional Data Verification Field

<CR> = Carriage Return Character (OD hex)

Starting and Ending Commands

An ML command is started by sending an "@ (40 hex) character
and termnated by a carriage return (0D hex). The Monitor Labs
protocol calls for an optional <STX> character (02 hex) as a
start of comand and <ETX> character (03 hex) as an end of
command character. These characters may be included, but wll
be ignored by the 4010.

Command Words

Command words are one or nore characters in |ength. Any
conbi nation of printable letters, nunbers or synbols (except the
start-of -command character, "@) nmay be wused in conmands.

Command words are not case sensitive.
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Calibrator Address

Foll owi ng the conmand word is an address, up to three digits in
length, with the nost significant hex digit transmtted first.
This is the decimal address of the calibrator.

If the calibrator does not recognize its unique address, the

remai nder of the command will be ignored and no response wll be
ret urned. The addressed instrunent will always respond, either
with an acknow edgnent, with data or wth a negative

acknow edgnent if there is an error of sone sort.

Data Fields

Some conmmands have data associated with them If so, the data
will be returned in one or nore fields, separated by comras. The
nunber of parameters will vary from one command to another, but
will always be the sanme for a particular command. The |ength of

each paraneter may vary depending upon the data; for exanple,
how | arge a nuneric value is. The exact neaning of data in the
data field depends entirely upon the command. The data nust
consist of printable ASCII characters and cannot include the
start-of -command character (the "@ synbol, by default).

Data Verification Field

The standard Mnitor Labs protocol does not support error
checki ng, however by selecting one of the two data verification
nmet hods supported by the 4010, error checking can be added to
bot h commands and responses.

The data verification field consists of between two and four
characters, depending upon the data verification nethod
sel ect ed. The data verification field is used to verify the
integrity of the received data.

Wen data verification is enabled, it can be bypassed for
i ndi vidual commands by replacing the characters wth "?"
characters (3F hex). This can be useful for testing purposes.
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The calibrator always calculates and returns a checksum in its
response, even if the comand checksum is replaced by "?"
characters.

Foll owi ng are descriptions of the two data verification methods
avai |l abl e. More details regarding the calculation of these
nmet hods, along with C source code, can be found in the Mstic
Protocol User’s Cuide, a document published by Opto 22. Thi s
docunent can be downloaded from Opto 22's web site on the
Internet at http://ww. opto22. com

Two Byte Hex Checksum The checksum is cal culated by summ ng the
decimal values of all preceding ASCI
characters in the command, excluding the
"@ start of conmand character. The sum
is then divided by 256 and the integer
remai nder is converted to two hex digits.

For example:
@, 0010D<cr >
is a valid comand to activate a purge
cycl e. The checksum (0D hex) is
cal cul ated as foll ows:
ASCII characters: P : 0 0 1

Value of characters: 80 + 44 + 48 + 48 + 49 = 269

VWhere 269/256 = 1 with a renmminder of 13
(0D hex).

Four Byte Hex CRC The checksum method of data verification
is sinple to inplenent, however it is
possible for data to be altered wthout
affecting the checksum for exanple if
there are two conplenentary errors in the
dat a.

The cyclical redundancy check, or CRC,
provides a nore secure form of error

checki ng. If the CRC nethod of data
verification is chosen, the Mddel 4010
will calculate a 16 bit CRC using the
CaTT method, which uses the follow ng
pol ynom al :

16 12 5
X +X +X +1
(Wth a starting value set to 0).
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Response Structure

Any tinme a command is sent with an address recognized by an
instrunent on the network, the addressed instrument should

return a response. The exact response wll depend upon whet her
the command is to return data or not and if errors are detected
in the command. Following, the three possible responses are

sunmari zed:

Successful Response, no data:

Where: <ACK> = Acknowledge Character (06 hex)

Successful Response, with data:

<CR> {datal}, [{data2},] - - - [{dataN},] [CHK] <CR>
Where: , = Comma (field separator)
{dataX} = Data Field
[CHK] = Optional Data Verification Field
<CR> = Carriage Return Character (OD hex)

Error Response

| <NAK>[ER][<CR>]

Where: <NAK> = Negative Acknowledge Character (15 hex)
[ER] = Optional two digit error code
[<CR>] = Optional carriage return character

If no errors are detected and no data is to be returned, an
<ACK> (06 hex) character will be returned to indicate that the
command was successfully executed. If data is needed in the
response, a <CR> (0D hex) character will be returned followed by
one or nore paranmeters of data, separated by conmas. A final
comma separates the last data item fromthe carriage return (or
optional data verification field) at the end of the response.
As with command data fields, all response data characters nust
be printable ASCI| characters.

Should there be a problem wth the command, a <NAK> (15 hex)
character will be returned, optionally followed by an error
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code. A listing of possible error codes is provided on page 23.

If no response is received for a certain tine period, the nmaster
program shoul d tine-out and the command shoul d either be aborted
or re-sent (for a limted nunber of re-tries).

Commands

The followng pages list the commands available to the Model
4010 and their inplenmentation. Following the command list, a
description of each command is presented with the formats of the
conmmand.

Following is a glossary of common abbreviations, synbols and
fields that may be found wthin the conmmand descriptions.
O her, nore specialized fields are described within the conmand
descri ptions:

Monitor Labs Commands
Hex Decimal

@ Start of Command Character 40 64
: Comma (field separator) 2C 44
<ACK> Acknow edge 06 06
<NAK> Negati ve Acknow edge 15 21
<CR> Carriage Return Character OD 13
{Cmd} Command Word

{Addr} Addr ess

CHK Checksum (2 or 4 byte hex)

ER Error code (2 bytes)

Common Data and Parameter Fields for Commands

{seq name} The nane of a calibration sequence. It is
not necessary to spell out the entire
sequence nane; the first few characters wll
suffice as long as they are unique. If nore
t han one sequence starts with the characters
in the {seq nane} field, an error wll be
ret urned.
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{point} A sequence point. This can be a nunber
between 1 and 20. If the field is enpty,
either the first or next point wll be

sel ect ed, dependi ng upon the context.

Command Summary

Description Page # Command

Stop 23 S

Purge 24 P

Timed Sequence 25 TS {seq nane}, {point}
Manual Sequence 26 M5 {seq nane}, {point}
Get Status 27 GS {status types}

Error Codes

If error responses are enabled, the Mdel 4010 may return the
foll ow ng error response codes:

01 Undef i ned Command The command was not recogni zed.

02 Check Sum Error The checksum cal culated by the
4010 did not match the checksum
i n the conmand.

03 Buf fer Overrun Error The calibrator's receive buffer
was overrun because the command
packet was too |ong.

05 Data Field Error The wong nunber of characters
wer e received.

07 Data Error There was an illegal value in a
command paraneter field.

12 Ti meout Error The end of conrmand charact er
(<CR>) was not received wthin
the tinmeout period.

51 Cmd Too Long The command field was too | ong.
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52 Addr Too Long The address field was too | ong.

53 Resp Buff Overrun The response data buffer was
overrun.

54 Response Error There was an error calculating a

response data field.

70 Seq Start Error An error occurred attenpting to
start the seq.

71 Bad Seq Nane The sequence nane is invalid.

72 Bad Seq Poi nt I nval id point nunber.

73 No Active Seq No sequence is active.

Stop (S)

The Stop command term nates any calibrations in progress and
pl aces the calibrator in a quiescent, idle state.

Command Format

Command

@ S, {AAA} [CHK]<CR>
Response

Good: <ACK>

Error: <NAK>[ER][<CR>]
Purge (P)
The Purge command causes the calibrator to purge its source
inlet manifold for a short duration. The default duration is
five seconds, but <can be changed in the 4010's dilution
paranmeters setup screen. If a source valve is active when the
purge command is sent, the 4010 wll purge calibration gas
t hrough the manifold; otherwise, the gas manifold wll sinply be

opened to atnosphere for the purge duration.
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Command Format

Command
@ P, {AAA} [CHK]<CR>]
Response
Good: <ACK>|
Error: <NAK>[ER][<CR>]

Timed Sequence (TS)

This conmand causes a tined sequence to be initiated. The
sequence to be started is identified by the {seq nane} field,
which is the ASCII sequence nane.

The point at which to start the sequence can optionally be
entered in the {point} field. If no point is entered, the
sequence will start at the first or last point, depending upon
whet her the sequence order is ascendi ng or descendi ng.

A nore detailed description of the usage of the {seq nane} and
{point} fields can be found on page 25.

Command Format

Command
@ TS, {AAA}, {seq name}, {point} , [CHK] <CR>]
Where:
{seqgname} = The name of the sequence.
{point} = The starting point. If blank, the sequence starts at the
beginning.
Response
Good: <ACK>
Error: <NAK>[ER][<CR>]
Comments:
Leaving the {seq nane} and/or {point} blank wll have the

following results:

@ TS, {AAA}, {seq name} , [CHK]<CR>]

If a sequence is already active with the sane nanme as {seq
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name}, the sequence wll be re-started beginning with the
first point (or Jlast point if +the sequence order is
descendi ng). If no sequence is active or the sequence is
different, the new sequence will be started, beginning wth

the first (or last) point.

@ TS, {AAA}, {point} , [CHK]<CR>]

If a sequence is already active, the new point in the sane

sequence wll be activated and the tined sequence wll
continue from that point. If no sequence is active, the
command wi |l be ignored.

@ TS, {AAA} [CHK]<CR>

If a sequence is already active, the sequence will advance
to the next point and the tined sequence will continue from
that point (if it is the last point, the sequence wll be
termnated). |If no sequence is active, the command will be
i gnor ed.

Manual Sequence (MS)

This command causes a nmnual, operator stepped sequence to be
acti vat ed. The point selected in the {point} field of the
sequence identified by {seq nane} wll be activated and wll
remain active until another point is activated, calibrations are
stopped or a tinmeout occurs.

|f a sequence point is active when the Mnual Sequence comand

is sent, it wll be termnated and superceded by the new
sequence and/or point. It is not necessary to use the Stop
command before sending a Start Point comand. A nore detailed

description of the usage of the {seq nane} and {point} fields
can be found on page 25.

Command Format

Command
@ MS, {AAA}, {seq name}, {point}, [CHK]<CR>|

Where:
{seqgname} = The name of the sequence.
{point} The point number.
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Response
Good: <ACK>
Error: <NAK>[ER][<CR>]
Comments:
Leaving the {seq nane} and/or {point} blank wll have the

followi ng results:

@ MS, {AAA}, {seq name} , [CHK]<CR>]

If a sequence is already active with the sane nanme as {seq
nanme}, the next point in the sequence will be selected. |If
no sequence is active or the sequence is different, the
first point (or Jlast point if the sequence order is
descendi ng) of the new sequence will be started.

@ MS, {AAA}, {point} , [CHK]<CR>]

If a sequence is already active, the new point in the sane
sequence will be activated. | f no sequence is active, the
command wi |l be ignored.

@ MS, {AAA}, [CHK]<CR>|

If a sequence is already active, the next point in the

sequence will be activated (if it is the last point, the
sequence wll be term nated). If no sequence is active,
the command wi Il be ignored.

Get Status (GS)

The Get Status command returns current status information about
t he Mbodel 4010. The status generally corresponds to information
that is presented on the 4010's status screens. The response
wi |l depend on the {status types} field, which is a list of from
one to five characters that select the categories of status
information that should be returned. The follow ng four status
selection characters may be used in the {status type} field to
request status information fromthe 4010:

D - Dilution Status: Returns the flow rates of the diluent, ozone and
source mass flow controll ers and the states of the dilution
unit sol enoi d val ves.
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O- Ozone Status: Returns status information pertaining to the
ozone generator, if it is installed.

P - Photometer Status: Ret urns status information pertaining to the
photoneter, if it is installed.

V - Perm Oven Status: Returns status information pertaining to the
permoven, if it is install ed.

G- Gas Concentration Status: Returns the total dilution flowrate
and the nanes and concentrations of all gases being
pr oduced.

The status selection characters can be strung together in the
{status types} field in any order. The respective categories of
data will be returned in the order in which these characters
appear in the command. If a category of status information is
requested that pertains to an option that has not been enabl ed,
that information will be omtted fromthe returned data.

The status information is always presented in pre-determ ned
engi neering units. The followng units of neasure are used for
all returned status data:

Flows St andard Cubi c Centimeters Per M nut e
(scaM .

Temperatures Degrees Centigrade (°C).

Pressures MIllimeters of Mercury (nmHg).

Gas Concentrations Parts Per Billion (PPB).

Command Format

Command
@ GS, {AAA}, {status types}, [CHK]<CR>]

Where:

{status types}=  Characters indicating what types of status should be
returned.

Responses
Good Response Examples:
{status type} = D - Dilution Status
<CR> {dilution status}, [CHK]<CR>]
{status type} = O - Ozone Status
<CR> {ozone status}, [CHK]<CR>|
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{status type} = P — Photometer Status

<CR> {photo status}, [CHK]<CR>]
{status type} = V - Perm Oven Status (with perm oven enabled)

<CR> {perm status}, [CHK]<CR>]
{status type} = G — Gas Concentration Status
<CR> {gas status}, [CHK]<CR>|
{status type} = DO - Mixed Status
<CR> {dilution status}, {ozone status}, [CHK]<CR>]
{status type} = DOPG — Mixed Status
<CR> {dilution status}, {ozone status}, {photo status}]
{gas status}, [CHK]<CR>]
{status type} = GDO - Mixed Status
<CR> {gas status}, {dilution status}, {ozone status}, [CHK]<CR>]

Where:

{dil mfc ctl}, {dil mfc mon}, {03 mfc ctl}]
{03 mfc mon}, {src mfc #}, {src mfc ctl},
{src mfc mon},{sys temp},
IDDDDDDDDDD, SSSSSS|

{dilution status}

o3 temp ctl}, {03 temp mon}, {03 lamp ctl}
o3 lamp curr}, {03 lamp int}, {03 conc ctl},
{o3 conc mon}

{ozone status}

{perm mfc ctl}, {perm mfc mon}
{perm temp ctl}, {perm temp mon}, MMMM|

{perm status}

{photo status} photo avg}, {lamp temp ctl},
{lamp temp mony}, {lamp curr ctl},
{lamp curr mon}, {lamp intensity},
{det samp}, {det ref}|

{gas temp}, {gas pres}, {gas flow}, PPP|

{total flow mon}, {num gases},
{prim gas name}, {prim gas conc},
{gas 2 name}, {gas 2 conc})

{gas status}

{gas N name}, {gas N conc}

And Where:
Dilution Data Fields
{dil mfc ctl}
{dil mfc mon}

The diluent MFC setpoint (SCCM)
The measured diluent MFC flow (SCCM)
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{03 mfc ctl} = The ozone MFC setpoint (SCCM)
{03 mfc mon} = The measured ozone MFC flow (SCCM)
{src mfc #} = The source MFC number (1 or 2)
{src mfc ctl} = The source MFC setpoint (SCCM)
{src mfc mon} = The measured source MFC flow (SCCM)
{sys temp} = The system temperature
DDDDDDDDDD = The states of the dilution unit solenoid valves.
Each character is a O or 1, where 1 indicates that the
valve is on. From left to right, these bits correspond to
the following solenoid valves:
Diluent 1 Valve
Diluent 2 Valve
Source 1 Valve
Source 2 Valve
Source 3 Valve
Source 4 Valve
Source 5 Valve
Source 6 Valve
Purge Valve
Output Valve
SSSSSS = The states of the instument solenoids. Each

character is a 0 or 1, where 1 indicates that the
corresponding instrument solenoid output is active.

Ozone Data Fields
{03 temp ctl}

The ozone lamp temperature setpoint (°C)

{03 temp mon} = The measured ozone lamp temperature (°C)
{03 lamp ctl} = The ozone lamp intensity setpoint (V)

{03 lamp curr} = The ozone lamp current (no units)

{03 lamp int} = The measured ozone lamp intensity (no units)
{03 conc ctl} = The ozone concentration setpoint (PPB)

{03 conc mon} The calculated ozone concentration (PPB)

Photometer Data Fields

{photo avg} = The averaged ozone measurement (PPB)

{lamp temp ctl} = The photometer lamp temperature setpoint (°C)
{lamp temp mon} = The measured photometer lamp temperature (°C)
{lamp curr ctl} = The photometer lamp intensity setpoint (V)

{lamp curr mon} = The photometer lamp current (no units)

{lamp intensity} = The photometer lamp intensity (no units)

{det samp} = The photometer detector — sample (no units)

{det ref} = The photometer detector — reference (no units)
{gas temp} = The sample gas temperature (°C)

{gas pres} = The sample gas pressure (mmHgQ)

{gas flow} = The sample gas flow (SCCM)
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PPP = The states of the photometer pump and solenoid
valves. From left to right, these bits correspond to the
following solenoid valves:

Photometer Pump
Photometer Reference Valve
Photometer Sample Valve

Perm Oven Data Fields

{perm mfc ctl} = The perm MFC setpoint (SCCM)

{perm mfc mon} = The measured perm MFC flow (SCCM)
{perm temp ctl} The perm oven temperature setpoint (°C)
{perm temp mon} The measured perm oven temperature (°C)

MMMM = The states of the perm oven pump and solenoid
valves. From left to right, these bits correspond to the
following solenoid valves:

Perm Vent Valve
Perm Source Valve
Perm Pump
External Perm Valve

Gas Concentration Data Fields

{total flow mon} = The measured total flow (SCCM)

{num gases} = The number of gases following.

{prim gas name} = The primary gas symbol (NO2, H2S, etc.)
{prim gas conc} = The primary gas concentration (PPB)
{gas 2 name} = The 2nd gas symbol (NO2, H2S, etc.)
{gas 2 conc} = The 2nd concentration (PPB)

{gas N name} = The Nth gas symbol (NO2, H2S, etc.)
{gas N conc} = The Nth concentration (PPB)

Response: | <NAK>[ER][<CR>]
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Section 8 Internal Calibrations

The accuracy of diluted calibration gases produced by the Mde
4010 is dependent upon the accuracy of its mass flow controllers
and ozone generator. These devices are calibrated at the factory
prior to shipment to the custoner, but in order to maintain the
4010’ s calibration accuracy over tine, it is recormended that the
mass flow controllers and ozone generator be checked periodically
agai nst ext er nal calibration standards and calibrated as
necessary.

Fortunately, calibrating any of the Mddel 4010’s flow controllers
or the ozone generator is a sinple process that nay be perforned
by the end-user. This is usually acconplished by follow ng an
interactive software procedure that pronpts the user to performa
mul ti-point calibration, stepping the device through multiple
setpoints across its range. For each point, the user is pronpted
to enter the nmeasured results from the external calibration
reference, resulting in a table conparing the 4010's control and
nmonitor voltages to the external reference. Al ternatively, the
user may manually enter a calibration table, or sinply enter
pol ynom al coefficients, in order to calibrate a device.

Wi chever technique is used, it is essential that all devices be
calibrated in order to establish the correspondence between the
4010’s control and nonitor voltages and the actual flow rate or
ozone concentrati on.
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Calibration Data

Two basic types of data nay contain the infornmation necessary to
calibrate a device: 2" order polynomal coefficients and/or a
| ookup table. This data may then be used to produce equations

characterizing the device wusing one of four linearization
met hods.
Pol ynom al coefficients are useful for linear or slightly non-

I inear devices and are the easiest way to calibrate a device if
the coefficients are already known. The coefficients a, b and c
are used in the following equation to linearize and convert a
vol tage signal to engineering units:

Y = a + bX +cX?

Where:

X = Control or nonitor voltage (Volts)

Y = Flow rate or ozone concentration (SCCM or PPB)

a = Intercept

b = Sl ope

c = Non-linear term
Lookup tables contain nore information and allow nore
| inearization options. Each table consists of up to 20 rows,

each representing a calibration point, and three columms: the
control voltage, the nonitor voltage and the actual flow or ozone
concentration. The data contained in a |ookup table may be used
to automatically calculate polynom al coefficients using
regression techniques or the table’s data may be used directly
for the | ookup and spline linearization methods.

Two sets of linearization equations, referred to as the contro

and nonitor equations, are produced from the calibration data

The control equation converts the flow or ozone concentration (in
SCCM or PPB, respectively) to a control voltage. The nonitor
equation converts a nonitored voltage to engineering units for
di splaying flow rates or ozone concentrations. O the two, the
control equations are the nost inportant since they establish the
correspondence between a desired flow rate or ozone concentration
and the control voltage sent to the device. The nonitor
equations are only wused for scaling neasured voltages to
engi neering units for presentation on the display.
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Linearization Methods

There are four linearization nethods, independently selectable
for each calibrated device. The nethod to be wused for a
particular device may be specified in the Device Paraneters
screen, which can be selected fromthe device’'s calibration nenu.

The linearization nethods available are described below A
graphi cal conparison of these nethods is shown in Figure 8-1.

Linear Fit This method finds the best straight-Iline
fit to the calibration data. The |inear
fit is best suited to very linear data.

Polynomial Fit The polynomal fit, wused in previous
versions of the software, finds the best
2% order  pol ynoni al fit to the

calibration data and can conpensate for
non-linearity in the data.

Lookup Table This nmethod wuses +the |ookup table
directly and interpolates a straight
line bet ween tabl e poi nt s. By
definition, this t echni que Wil |

reproduce each calibration point exactly
(assum ng perfect repeatability).

Spline Fit This method uses a cubic spline to find
a smooth curve that passes through all
calibration points. As with the | ookup
table, this technique guarantees that
calibration points wll be reproduced
exactly, but IS nor e likely to
accurately r epr oduce dat a bet ween
calibration points.

If a lookup table has been generated for a device, any of the
four nethods may be used. For the first two nethods, pol ynom al
coefficients will be generated fromthe data in the |ookup table
usi ng regression techniques. Once the coefficients are known,
they can be entered manually rather than entering an entire data
table. The last two linearization nethods require that a | ookup
table be entered, either manually or during an interactive
cal i bration.

The default nethod used in factory calibrations for mass flow
controllers is the polynomal fit. The spline fit is the default
nmet hod for the ozone generator.
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Comparison of Different Curve Fit Techniques on Ozone Data
(Non-linearity is exaggerated for clarity)
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Figure 8-1 Comparison of Linearization Methods
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Calibration Menu

For each device that can be calibrated, a selection is avail able
under the Devices nenu. Selecting the calibration item for a
device pops up its Calibration Menu.

S—mEstem Comm Status Diag
Dilution Unit . > |

Ozone Generator
Diluent MFC Calibration »

Source 1 MFC Calibration »
arameters ...
| View
Mew Coefficients ...
Mew Tabhle ...
Interactive ...
Edit ...
Parameters ...
Figure 8-2 Calibration Menu
Viewing Calibration Data
Selecting View from the calibration menu will allow the nost
recently entered calibration data to be viewed. If the data was
entered as coefficients, the coefficients wll be displayed; if

the data was entered as a table or via the interactive
cali bration procedure, the | ookup table data will be displayed.

Manually Entering Polynomial Coefficients

| f polynom al coefficients have previously been calculated for a
mass flow controller, they can be entered directly by selecting
New Coefficients fromthe flow controller’s calibration nenu.

Diluent MFC, HMew Calibration Coefficients

Specified coefficients for calibration equation
y=H0 + Bx + Cx*2

Control Equation:

¥ = Control Voltage <UVolts> A 3a
y = Flow Rate <SCCM> B: 2178
C: 1.6
Monitor Equation:
¥ = Monitor Uoltage (Jolts> A 28
y = Flow Rate (SCCHM> B 2169
C 1.6

Figure 8-3 New Calibration Coefficients

If the coefficients are not known for a device, for exanple a
mass flow controller, and it is desirable to establish the
rel ati onship between voltage and flow rate, relying on the MC
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manuf acturer’s physi cal cal i bration, def aul t cal i bration
coefficients can be entered in the New Coefficients screen.
Default coefficients are cal cul ated as foll ows:

a=2=0
b Max Flow / 5
c =0

VWhere Max Flow = Full scale flow of the MFC i n SCCM

Note that, although the 4010 allows the units of neasure to be
selected in nost screens, all calibration coefficients are based
on units of SCCM for flows and PPB for ozone.

Manually Entering a Calibration Table

Selecting New Table fromthe calibration nenu allows data from a
previous calibration to be re-entered without the need for an
interactive calibration. Also, if a new nmass flow controller is
installed in the 4010, a calibration table based on the MC
manuf acturer’s data may be entered by selecting the New Table
option fromthe calibration nmenu.

Diluent MFC,. Mew Calibration Tahle

Control Monitor Flow Control Monitor Flouw
Point ] > <y > C(SLPHM> Point <y 2 4l b CSLPM>

1 Aa.5688 B.5081 1.1131 11
2 1.8688 1.68681 2.2185 12
3 1.258 1.251 2.7382 13
4 2.568 2.582 L .4655 14
L] 3.758 3.752 §.19008 15
6 L .80A L .88a3 18.2208 i6
? [ 17?
8 i8
g 17
18 26
Control Equation A: 3@ Monitor Egquation A: 28
x: Control U B: 2178 »: Monitor U B: 2169
y: Flow (SCCM> C: 1.6 y: Flow <SCCHM> C: 1.5
Correlation coeff: A.7972999 Correlation coeff: a.299999

Figure 8-4 New Calibration Table
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The colums of data entered into this screen are:

Control This colum of nunbers represents the
control voltage to the mass flow
controller

Monitor This colum represents the voltage
output of the mass flow controller when
it has stabilized after the control
vol tage has been applied. The nonitor
vol tage should normally be very close to
the control voltage.

Flow The flow colum represents the actual
flow, as neasured by an external flow
standard, through the flow controller
when it has stabilized after the control
vol t age has been appli ed.

By pressing the F7 key while a nunber within a colum is
hi ghlighted, that colum’s units of neasure can be changed; for
exanple allowing voltages to be entered in units of Volts or nmv
and flows to be entered in SCCM or SLPM Al though the data may
be entered in different units, any coefficients or linearization
equations calculated fromthe table will be in ternms of Volts (X
and SCCM ().

Once the data table has been entered, pressing the ESC key will
cause a dialog box to appear, asking if you want to cal cul ate the
coefficients. Answer i ng yes" to this dialog causes the
coefficients to be calculated and, if the linearization nethod is
linear or polynomal, presented for review One particular item

to note at this point is the correlation. For mass flow
controllers, the correlation should be very close to 1.0000,
indicating a very close correlation to a straight I|ine. The
ozone generator, being slightly non-linear prior to calibration,
wll not normally correlate as closely to a straight line as an
M-C. I f everything | ooks good, answering "yes" again causes the

changes to be saved.
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Performing an Interactive Calibration

By selecting Interactive from the calibration nenu, a |ookup
table can be generated by neans of an interactive procedure.
This procedure allows the user to enter a series of setpoint
vol tages, which are applied to the device, and then pronpts for
t he val ue neasured by the external reference to be entered.

Diluent MFC. Interactive Calibration
Control Monitor Flow Control Monitor Flow
Point 4l > < p) CSLPH> Point < p) <y > CSLPH>
i a.588 8.568 1.14134 11
2 1.6888 1.68688 2.2185 12
3 1.256 _ 1.249 13
4 14
5 15
[ 16
s 17
8 18
9 12
18 28
Control Equation A: Monitor Equation A=
»: Control U B: x: Monitor U B:
y: Flow ¢SCCHM> C: y: Flow (SCCHM> C(C:
Correlation coeff: Correlation coeff:

Figure 8-5 Interactive Calibration

Following is a description of the Interactive Calibration screen.
The columms of data presented in the screen are:

Control This colum of nunbers represents the
control voltage to the nmass flow
controller. This voltage is entered by

the user for each setpoint and causes
the voltage to be generated by the 4010
for the device being calibrated.

Monitor This colum displays the neasured
vol tage output from the device. The
monitor voltage will nornmally be close
to the control voltage. A large

di screpancy may indicate a problem wth
the test setup
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Flow The flow colum represents the actual
fl ow or ozone concentration produced by
t he device for each control voltage.

Editing Calibration Data

Selecting Edit from the calibration nmenu allows either the
pol ynom al coefficients or a | ookup table to be edited. As with
View, the type of data that can be edited depends upon how the
data was entered; as a table or as coefficients.

Selecting Device Parameters

Ordinarily, it is not necessary to nodify the device paraneters,
since the factory default val ues cover nost applications, however
if it is desirable the change the operating limts, allowable
calibration error or the linearization nethod, these paraneters
can be altered by selecting Paraneters from the devices
calibration nenu.

Diluent MFC, Device Parameters

Operating Range, Low ....... : L.8x Full Scale
Operating Range,. High ...... : 1868.68: Full Scale
Allowahle Calibration Error : 2.8% Full Scale

Allowahbhle Set Point Deviation: 2.8% Set Point
Linearization Method ...... I

Lineawr —
Polynomial |
Lookup Tahle
Spline Tahle

Figure 8-6 Device Parameters
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Interactively Calibrating Mass Flow Controllers

The follow ng step-by-step procedure describes how to perform a
mass flow controller calibration using the interactive
calibration feature.

[1] |If power is not applied to the 4010, apply power to it and
the mass flow standard and allow at |east 30 mnutes for
everything to warmup and stabilize.

[2] The 4010’s pneumatic system nust be free of |eaks before
performng flow calibrations; particularly when calibrating
the source flow controllers. |If there is any doubt that the
4010 is |l eak-tight, performa |eak test.

[3] Attach a clean, dry conpressed air or nitrogen supply to the
diluent input for calibrating the diluent or ozone M-Cs or
to a source input if calibrating a source MFC. The pressure
shoul d be set to 20-25 PSIG

[4] Cap all 4010 outlet ports except one. The un-capped port
shoul d be connected to the inlet of the flow standard. The
outlet of the flow standard should be vented to atnospheric
pressure.

[5] If the flow standard is a volunetric device, such as a
bubbl e-neter, tenperature and pressure corrections may be
necessary in order to convert the neasured flowrate to nmass
flow. If so, the baronetric pressure in the room and the
tenperature of the gas should be neasured. Ideally, the gas
tenperature sensor should be placed in the gas streamas it
exits the flow standard, assuring that it neasures the gas
tenperature in the flow standard. The baronetric pressure

is not likely to change during a calibration, however the
gas tenperature should be mneasured for each calibration
poi nt ..

For environmental applications, mass flow controllers are
typically calibrated to conditions of 25°C and 760 mmHg. The
flow standard’ s operating manual should be consulted for
instruction for converting its measured output to nass flow
at 25°C and 760 mmHg.
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[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

Sel ect the nethod of l|inearization desired by selecting the
Paraneters itemfromthe calibration nmenu and then sel ecting
a nmethod from the Linearization Method list (see Figure 8-
6). For mass flow controllers, polynomal linearization is
t he recommended net hod.

Select the Interactive option from the calibration nenu.
The screen shown in Figure 8-5 shoul d appear.

Enter the first control voltage in the left-nost columm.
The 4010 will apply this voltage to the control input of the
mass flow controller, causing a flow corresponding to that
vol tage to be produced.

bserve that the nonitor voltage approaches the control
vol tage, indicating that the MFC is sensing a flow Once
the nmonitor voltage has stabilized, wait another 60 seconds
bef ore taking a neasurenent.

Take a nmeasurenent fromthe external flow standard. |If the
flow standard requires tenperature and pressure correction

take a tenperature reading and apply it and the rooms
baronetric pressure to the neasured flow in order to obtain
a mass flow value. Enter this value into the colum | abel ed
"Flow' and press the Enter key. The cursor will advance to
t he next control voltage field.

Repeat steps 8 through 10 until all calibration points have
been entered.

Press the ESC key. A dialog box will appear, asking if you
want to calculate the coefficients. Answering "yes" wll
cause the calibration coefficients to be calculated and, if
the linearization nmethod is linear or polynonm al, presented
for review One particular itemto note at this point is the

correl ation. For mass flow controllers, the correlation
shoul d be very close to 1.0000 (e.g. 0.99999X), indicating a
close correlation to a straight I|ine. If everything | ooks

good, answer "yes" again and the calibration will be saved.



Internal Calibrations Page 8-12

Interactively Calibrating the Ozone Generator

The techni que used for interactively calibrating the 4010's ozone
generator is alnost identical to that used for a mass flow
controller. The main differences are:

An ozone generator calibration requires an ozone standard
rather than a fl ow standard.

The 4010’ s outlet manifold nust be vented to atnosphere for
ozone generator calibrations.

As shown in Figure 8-7, another field nmust be entered: the
total flow through the 4010 during the ozone calibration.
This is subsequently used to conpensate the ozone out put for
different diluent flow rates.

Followng is a step-by-step procedure for performng an
interactive ozone calibration:

[1] If power is not applied to the 4010 and/or the ozone
standard, apply power to both and allow at |east 60 m nutes
for everything to warmup and stabili ze.

[2] The 4010’s pneumatic system nust be free of |eaks before
perform ng ozone calibrations. If there is any doubt that
the 4010 is leak-tight, performa |eak test.

[3] Attach a clean, dry conpressed air supply to the diluent
input. ldeally, this would be the sane supply subsequently
used with the 4010 for analyzer calibrations. The pressure
shoul d be set to 25-30 PSIG

[4] Cap all unused 4010 outlet ports, except one for a vent and
one which should be connected to the inlet of the ozone

st andar d. The last port in the flow path, the outlet
| abel ed "Vent", should be vented to atnospheric pressure
If vented to the room a short length of tubing should be
attached to it. If vented through a scrubber or a I|ong

length of tubing, it is inportant to mnimze the pressure
drop so the outlet mnifold remains substantially at
at nospheri c pressure.
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[ 5]

[ 6]

[ 7]

If the ozone standard does not incorporate automatic
tenperature and pressure correction, the baronetric pressure
in the room and the tenperature of the gas should be
measur ed. | deal ly, the gas tenperature sensor should be
placed in the gas stream as it exits the ozone photoneter
assuring that it actually represents the tenperature of the
gas in the photoneter. The baronetric pressure is not
likely to change during a calibration, however the gas
tenperature should be neasured for each calibration point.

Sel ect the nethod of l|inearization desired by selecting the
Paraneters itemfromthe calibration nmenu and then sel ecting
a nmethod from the Linearization Method list (see Figure 8-
6) . For the ozone generator, the spline nethod is
r ecomended.

Select the Interactive option from the Ozone Generator

Calibration nmenu. The follow ng screen will appear:
Ozone Generator, Interactive Calibration
Control Monitor Ozone Control Monitor Ozone
Point cu > cu ) PPE > Point cu ) 4l p <FPB >
1 B.800 8.759 49.08 11
2 1.6868 B.963 138.8 12
3 1.258 1.214 263.8 13
4 1.758 1.2 R 14
L 15
6 i6
7 17
8 i8
2 1?
i@ 28
Total Flow Rate (Diluent + Ozone Flow)> = L.888 SLPM
Control Correlation: Monitor Correlation:

[ 8]

Figure 8-7 Interactive Ozone Calibration

Enter the Total Flow Rate to a flow sufficient to supply the
ozone standard (and any ot her anal yzer that are drawing from
the outlet manifold) plus a little excess flow from the
outlet manifold s vent. Ideally, this flow rate would be
the sane total flow that is typically used during ozone and
GPT calibrations. After pressing F3 (or TAB), the 4010 w ||
activate the diluent and ozone MFCs to produce the comanded
total flow Verify that there is excess flow from the
mani fol d vent.
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[ 9]

[ 10]

[11]

[12]

[ 13]

In order to obtain the best accuracy, he calibration table
shoul d contain points below the |owest point needed during
ozone or GPT calibrations and above the highest.
Experinmental |y determ ne what control voltages are needed to
produce these | ow and high ozone concentrations by entering
a voltage in the |left-nobst columm and observing the
resulting concentration as neasured by the ozone standard.
Pressing F2 (or Shift-TAB) wll back up to allow another
vol tage to be entered.

Once the calibration voltage range has been bracketed,
determine a set of control voltages needed to produce
roughly equally spaced calibration points for the nunber of
points desired. Before calibration, the ozone generator is
slightly non-linear at the | ow end, so the voltage setpoints
shoul d be nore closely spaced there.

Enter the first control voltage in the |eft-nost columm.
The 4010 will apply this voltage to the UV Power Supply
whi ch drives the ozone | anp, causing ozone to be produced.

(bserve that the nonitor voltage approaches the control
voltage, indicating that either the current or optical
sensor is sensing that the lanp is active. Al so observe the
response of the ozone standard. It normally takes severa
m nutes before the ozone standard reaches its final val ue.

Once the ozone standard’ s readi ng has stopped changing and
reached a final value, take several neasurenents at
intervals of 20 to 30 seconds and average themtogether. |If
the ozone standard requires tenperature and pressure
correction, take a tenperature reading and apply it and the
room s baronetric pressure to the neasured ozone in order to
obtain a corrected value. Enter this value into the columm
| abel ed "Ozone" and press the Enter Kkey. The cursor wll
advance to the next control voltage field.

Repeat steps 10 through 12 until all calibration points have
been entered.
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[ 14]

Press the ESC key. A dialog box will appear, asking if you

want to calculate the coefficients. Answering "yes" wll
cause the calibration coefficients to be calculated. |If the
spline linearization nethod is used, no coefficients will be
di spl ayed, but the linear correlation coefficient will be

cal cul ated. Since an uncalibrated ozone generator is nore
non-linear than a mass flow controller, the correlation wll
deviate from 1. 0000 nore than an MFC (e.g. 0.999XXX).
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Section 9 Internal UV Ozone Photometer

This section describes the setup, operation and naintenance of
t he Mbdel 4010's optional internal UV Ozone Photoneter. \When the
Photoneter option is installed in a Mbdel 4010, it can be used to
audit ozone calibrations, precisely control the 4010's interna
ozone generator or it nmay be used independently, as a stand-al one
ozone anal yzer.

Description

The Model 4010 UV Photoneter option consists of a nodule that is
installed in the 4010's option bay. Two 50 pin ribbon cables
carry power and electrical signals to and from the 4010's
el ectronic nodule, resulting in a tightly integrated photoneter
subsyst em

The rear panel of the Photonmeter nodule (see Figure 4-1) supports
the sanple inlet, exhaust outlet and a connector (J9) that
supports analog outputs for connection to external neasuring
devi ces such as a datal ogger or strip chart recorder

The Photoneter's rear panel also supports two other connectors
that are not directly related to the photoneter. The Instrunent

Sol enoid connector, J10, allows connection of externally
controlled devices, such as solenoid valves, to the optional
i nstrunment solenoid control outputs. The Accessory connector

J11, allows an external perneation oven to be attached and
controll ed by the Mddel 4010.

Theory of Operation

The Model 4010 UV Ozone Photoneter is a conpact, single-tube
singl e-detector photonetric device that neasures ozone by
monitoring 254nm ultraviolet |ight passing through a sanple tube
with an ultraviolet lanp at one end and a photo-detector at the
ot her. Since this wavelength of light is attenuated by ozone,
the ozone concentration can be determned by alternately
observing the detector output when clean, ozone-free air is in
the sanple tube and when sanple air is in the tube. An internal
punp draws sanple air into the photoneter, where sol enoid val ves
direct it either through or around a catalytic ozone scrubber
before entering the sanpl e tube.
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The ratio of the detector output when ozone-free air is directed
through the sanple tube to the output when the sanple air is in
the tube determnes the ozone concentration according to the
fol |l ow ng equati on:

Equation 9-1

(T+273) . 760, 10°

, 8800
Ozone (PPB) = 73 P @ U IngIéj
Wer e:
a = Absorption Coefficient of ozone at 254nm and with
the sanple gas at 0°C and 760 mrHg = 308
L = Optical Path Length = 31.6 cm
| = Sanple Count
(Condi tioned detector output for sanple gas)
| o = Reference Count
(Condi tioned detector output for clean air)
T = Sanple Tenperature (°C
P = Sanple Pressure (mrHg)

In order to increase the resolution of neasurenents and inprove
accuracy, the detector's signal conditioning circuitry anplifies
and offsets the detector signal such that, the voltage observed
on the 4010's analog input represents only a small wi ndow in the
overall range of light inpinging on the detector.

Since the attenuation due to the presence of ozone is very small,
this is not a problem but before the anal og val ue neasured from
the detector conditioning circuitry can be used in the ozone
equation, it and nust be converted back to a light intensity

val ue. Since the ozone calculation is based on a ratio, the
scaling of this value is not inportant; only that the value
represents actual light intensity and that darkness is zero.

The foll owi ng equation is used to convert the detector voltage to
a unit-less nunber or "count" that may subsequently be used as |
or loin the previous equation:

Count (I or I, = (Voltage + Ofset x Gain) x 10000
The val ues of the Ofset and Gain are presented in the Photoneter

Paraneters screen. The nunber 10000 is an arbitrary value that
is used to convert the result to an |large integer.
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Installation

Wen a Model 4010 is ordered with the Photoneter option, the
Phot oneter nodule is delivered pre-installed in the 4010's option
bay. Al'l pneurmatic connections to the Photoneter are external

allowng the user to make the choice of where to nonitor the
ozone. In nost cases, the photoneter's sanple inlet wll be
connected to an unused port of the 4010's outlet nmanifold,
allowing it to directly nonitor the 4010's ozone production
during ozone calibrations. Wen the 4010 is shipped, nothing is
connected to the Photoneter's inlet, however a short |ength of
Teflon tubing is provided for connection to the outlet manifold.

Operation

There are three basic nodes of operation for the Mdel 4010's W/
Ozone Photoneter. These are:

Audit Mode In Audit Mdde, the Photoneter is used to
measure the ozone output of the Model
4010 and serves as an independent audit

devi ce.

Ozone Servo Mode In this node, t he Phot oneter's
measurenent is wused to automatically
adj ust t he 4010' s i nt ernal ozone

generator. This results in a precise
ozone concentration that is independent
of tenperature, pressure, humdity and
other factors that can affect ozone
pr oducti on.

Continuous Mode Ordinarily, the Photoneter is activated
only during ozone calibrations. I n
Conti nuous Mode, however, the Phot oneter
will remain active continuously while
power is applied to the 4010. This
feature allows the 4010's Photoneter to
be operated independent of the 4010's
other functions as a stand-al one ozone
noni t or .
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After determ ning what node of operation is to be used, the node
shoul d be selected by clicking the appropriate checkboxes in the
Phot oneter Paraneters screen, as described on Page 10. O her
than custom zing the analog outputs for a specific application,
the operating node is the only setup function that is normally
necessary to operate the 4010's Photoneter.

Unl ess Continuous Modde is selected (in which case the Photoneter

is always active), the 4010 wll autonmatically activate the
Photonmeter any time that an ozone point or sequence begins. The
Phot onet er wi | | not be activated, however, during GPT

cal i brations.

The ozone value, as neasured by the Photoneter, wll be
transmtted from the three analog outputs and wll also be
presented as the "Measured Ozone" value in the Photoneter section
of the Ozone Calibration Status screen (see Figure 9-1). Thi s
section of the status screen (which may also be called up by
selecting "Photoneter Status from the "Status" nmenu) not only
presents the current ozone concentration, but also provides the
current readings of the various sensors and solenoid valves
associ ated with the Photoneter.

QOzone Calibration Status

EE¥] Engineering Units ¢ » Uoltage Units

Ozone Generator —M—— Dilution Solenoids

Control Monitor Diluent Source Instrument
Diluent Flow : 4_988 4_981 SLPH 1[¥1 il 1 4L 1 il 1 41 1
Ozone Flow .. : 1688.8 9.9 SCCH 20 1 201 5L 1 20 1 5L 1
Ozone Temp .. : ta.@a 49 .9 °C 311 6L 1 311 &I 1
Lamp Current = 1.786 1.786 —
Lamp Intensity: — 1.786 — Output [X1 Purge [ 1]
QOzone Conc. : Lad L88 PPB
Photometer

Heasured Ozone: S 498 PFPB Sample Temp .. = 43.2 °C
Lamp Temp ... = La.a L@a.a °o; Sample Pressure: 736 mmHyg
Lamp Current : 4_564 4_494 — Sample Flow .. = 162 SCCH
Detector Uoltage ..... H 4.588 U — Solenoid Ualves
Detector Count ....... H Le?08R — Sample[X]1 Ref.[ 1 PumplX]

Figure 9-1 The Ozone Status Screen
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Foll owi ng are descriptions of the itens that may be found in the
Phot onet er section of the Ozone Calibration Status screen:

Measured Ozone The Measured QOzone presents the average
ozone neasured by the Photoneter.

Lamp Temp The Control and Mnitor values of the
Photometer | anp tenperature is presented
her e.

Lamp Current This is a unit-less nunber, between O

and 5, that 1is proportional to the
current applied to and neasured fromthe
Phot oneter's WV | anp.

Detector Voltage This is the voltage that is presented to
the 4010's A/D converter after signal
conditioning the detector's output. The
vol tage displayed here should never
approach zero or five Volts. If it
does, the automatic |anp adjustnent
procedure descri bed on Page 19 shoul d be
i nvoked.

Detector Count The detector count is the value that is
actually used in the Photoneter equation
on Page 2. It is a unit-less value that
is derived by applying the Detector
O fset and Gain Paraneters to the
Det ect or Vol t age.

Sample Temperature This is the tenperature of the sanple
gas in the neasurenent tube as neasured
by the Photoneter's tenperature sensor.
This is used to conpensate the ozone
val ue for tenperature variations.

Sample Pressure This is the pressure in the measurenent
tube as neasured by the Photoneter's
pressure sensor. This is used to

conpensate the ozone value for pressure
vari ations.
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Sample Flow This is the flow through the Photoneter
as measured by the Photoneter's flow
sensor.

Solenoid Valves The states of the reference and sanple

solenoid valves and the punp are
i ndi cated here. An "X" indicates that
the val ve or punp is active.

Anot her val uabl e source of information about the current status
of the 4010's Photoneter is the Photoneter Diagnostics screen

whi ch may be selected fromthe "D ag" nenu. Figure 9-2 shows the
"CGeneral" Photoneter D agnostics screen, which presents status
i nformati on about the last fifteen Photoneter cycles in a tabul ar
format, with the nost recent value on top. Each tinme the
Phot onmeter conpletes a cycle, the data will scroll down to nake
room for the new dat a.

Photometer Diagnostics: General [EF] Detailed ¢ >
—Ozone {PPB> Anditil PID Average Ozone{PPB»
Time Last Moise Avg U In Out -18 Loa +18
EEEENEEEEREEEEEREREE!
16:52:41 56868.8 LtAg.a 1.447 588.8 56860.8 |- - * - -
16:52:89 580.8 B.2 4992.9 1.447 LH88.4 588.8 *
16:=51:=36 56868.8 8.3 492.8 1.447 492.9 588.8 L]
16:51:84 580.8 8.5 492.6 1.447 499.9 588.8 *
16:=58:32 56868.8 8.7 492.4 1.447 492.8 588.8 *:
16:49:59 580.8 a.7 499.4 1.447 499.5 5868.1 *:
16:=49:27 492.9 a.7 499.2 1.447 499.2 5868.1 L H
16:-48:54 492_8 A.7 499.1 1.448 498.6 586.1 *:
16:=48:22 49?.6 a.7 498.9 1.448 497.5 5H868.1 L H
16:47:58 492.3 A.6 498.6 1.44%9 495.8 5S88.1 |- - *:
16:=47:17 498.7 A.4 498.2 1.44%9 493.1 5868.1 |- - %z
16:-46:45 497.7 .8 497.7 1.44%9 488.6 5S88.68 |- - * =
16:=46:13 495.9 495.9 1.458 481 .4 56868.8 |- - H
16:45:48 492_.7 4927 41.458 478.8 5680.8 |- + - 5
16:-45:88 486.8 486.8 1.451 452.8 56860.8 +- H

Figure 9-2 The Photometer Diagnostics Screen, General

On the right side of the General Photoneter Diagnostics screen is
a simulated strip chart that presents the |atest average ozone
measurenents taken from the Photoneter. The strip chart always
presents a 20 PPB range centered around the currently desired
ozone setpoint, allowing the deviation from the desired ozone
concentration to be observed in a graphical format. This chart
is particularly useful for observing the ozone response when the
ozone servo control is active.
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The ot her col utmms of

Last Ozone

Noise

Average Ozone

Audit 1

PID In

PID Out

informati on are descri bed bel ow

The Last Ozone is the wunaveraged or
"raw' Photoneter neasurenent for each
Phot onet er cycl e.

The noise colum presents the standard
devi ation of the raw ozone val ues during
the rolling average period. This is a
good indicator of how noisy the
phot onet er nmeasurenents are.

The Average QOzone presents the average
of the last N raw ozone readi ngs, where
N is the Rolling Average duration as set
in the Photoneter Paraneters screen.
This is the val ue displayed on the Ozone
Calibration Status screen as "Measured
Ozone".

The Audit 1 colum of nunbers presents
the voltage (between 0.000 and 5.000
Volts) that is neasured on the first
Audit analog input. An external ozone
standard or other anal og device may be
connected to the Audit 1 input, which is
found on Audit connector pins J7-6(+)
and J7-19(-). A conplete wiring list of
the Audit connector can be found in the
Installation section of the 4010 manual .

This is the filtered input to the PID
control | oop processor. It is derived
by filtering the raw ozone values
obtai ned fromthe Photoneter.

The PID Qut columm of values represents
the output of the PID |oop processor.
This value is wused to set the ozone
generator's lanmp current in order to
adjust for deviations neasured by the
phot onet er.
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The "Detailed" Photoneter diagnostics presents nore detailed

i nformati on about the photoneter. Rat her than updating each
photoneter cycle, it presents new information each half-cycle,
allowing the reference and sanple data to be observed. Fi gure

9-3 shows an exanple of the Detailed Photoneter D agnhostics
screen.

Photometer Diagnostics: General ¢ > Detailed [EF]

—O=zone <FPB> —Sample— Lamp 03Gen Auditl
Time Ref. Sample Last MHoise HAug mmHyg o0 o0 PFPB u
16:52:41 5706088 LAa.A LAA.A 786.2 42_.11 49.82 5680.8 1.447
16:52:25 67233 588.8 8.1 580.8 7896.2 42_11 49.82 5S88.68 1.447
16:52:0% 5786008 Laa.a A.2 499.9 786.2 42_41 49.82 5S8A.8 1.447
16:51:52 67233 588.8 8.2 499.9 7896.2 42_11 49.82 588.68 1.447
16:51:36 5706008 Laa.@a A.3 499.8 ?86.1 42_14 49.79 588.8 1.447
16:51:28 67233 588.8 8.4 499.7 7896.1 42_14 49.79 588.68 1.447
16:51:84 578008 Laa.@a A.5 4996 786.1 42_14 49.79 588.8 1.447
16:5A:48 567233 5A8.4 A.7 499.5 786.1 42_14 49.79 58A.6 1.447
16:5A:32 570008 Laa.@a A.7 499_.4 ?86.1 42_18 49.98 58A.1 1 .447
16:5A:15 567233 5A8.4 A.7 499.4 786.1 42_18 49.98 58A.1 1.447
16:49:5% 570008 Laa.@a A.7 499_.4 ?86.1 42_18 49.98 58A.1 1 .447
16:49:43 567233 5AA.4A A.7 499.3 786.1 42_18 49.98 58A.1 1.447
16:49:27 570008 499 .9 A.7 499.2 ?06.1 42_23 49.93 58A.1 1.447
16:49:11 67233 4992.9 A.7 499.2 ?86.1 42_23 49.923 58A.1 1.447
16:48:54 570008 499 8 A.7 499.1 786.2 42_27 49.97 L88.1 1._.448

Figure 9-3 The Photometer Diagnostics Screen, Detailed

Many itens found in the detailed screen are the same as the
general screen, however there are a few additional itenms. They
are:

Ref. This is the detector reading during the
reference half of the Photoneter cycle,
after being converted to a unit-l|ess
nunber or "count".

Sample This is the detector count during the
sanple half of the Photoneter cycle.
The ratio of the reference count to the
sanple count is used to calculate the
ozone concentration as descri bed on Page
2.

Sample Pressure (mmHgQ) This is the pressure in the neasurenent
tube as neasured by the Photoneter's
pressure sensor.
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Sample Temperature (°C) This is the tenperature of the sanple
gas in the nmeasurenent tube as neasured
by the Photoneter's tenperature sensor

Lamp Temperature (°C) This is the tenperature of the heated
Phot onet er | anp bl ock.

Setup Options

The Mddel 4010's photoneter is adjusted, calibrated and all
paranmeters pre-set for optimal operation in the standard

configuration prior to delivery to the custonmer. As such it is
normally not necessary or desirable to nodify the operating
paranmeters of the Photoneter. There are circunstances, however,

when performance could be inproved by adjusting one or nore of
t hese paraneters.

--- CAUTION - - -

Maki ng changes to par anet ers in t he
Phot oneter Paraneters screens can cause the
phot onet er and/or ozone generator to operate
incorrectly or erratically and should only be
attenpted with a thorough understanding of
the Photonmeter and the relationship of each

paraneter. In any case be sure to record the
original factory settings before attenpting
changes.

The photoneter Paraneters may be viewed or changed by selecting
"Devices" from the main nmenu, then "Ozone Photoneter” and then
"Phot onet er Paraneters”. The Photoneter Paraneters are presented
on three pages. The first page is shown in Figure 9-4.
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Photometer Parameters (page 1 of 3>
——  Operation Modes —— — Analog Outputs
[l Ozone Servo Control DAS 1 Output:
[ 1 Continuwous Monitor Full Scale Conc.: 1888 PPB
[¥]1 Temperature .~ Pressure Correction Conc. at AU __. = A FFPB
Rolling Average = 15 Cycles
—— QOperating Constants —— Average Holdoff = 4 Cycles
Sample Hold: 5 Measure: 3 <Seconds? DAS 2 OQutput:
Lamp Set Podint = 4.568 U Full Scale Conc.: 1688@ PPB
Absorption Coeff: igg.A Atm™-1 Cm™—1 Conc. at AU ... = @ PPB
Path length ... : 31.68 Cm Rolling Average : 15 Cycles
Average Holdoff - 4 Cycles
Detector offset : 2.508068 U DAS 3 Output:
Detector gain : 21.88 U0 Full Scale Conc.: 1888 PPB
Detector Max .. : 4_6868a U Conc. at AU __. = A FFPB
Detector Min .. = 3.588 U Rolling Average = 15 Cycles
Average Holdoff = 4 Cycles
Rolling Average : 8 Cycles
Average Holdoff : 18 Cycles more ...

Figure 9-4 Photometer Parameters, Page 1 of 3

In the upper left corner of the Photoneter Parameters screen, the
operating node of the Photoneter can be changed by clicking the
fol |l owi ng checkboxes:

Ozone Servo Control Wen this box is checked, the ozone
nmeasured by the Photoneter will be used
to automatically adjust the 4010's ozone
generator while an ozone calibration is
bei ng perf orned.

Continuous Monitor By checking this box, the Photoneter
will remain active continuously while
power is applied to the 4010.

Temp. / Pressure Correction The Photoneter is normally operated with
t enper at ure/ pressure correction enabl ed,
however under certain circunstances,
such as when conparing the 4010's
Phot onet er with an external ozone
noni t or t hat does not support
tenperature/ pressure correction, it may
be desirable to tenporarily disable this
feature by unchecking this box.
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Bel ow the Operating Mdes section are the Operating Constants,
whi ch govern the operation of the photonmeter and should not
normal ly be changed. Following are descriptions of these
par anet er s:

Sample Hold The Sanple Hold tinme is the nunber of
seconds to al | ow after t he
sanpl e/reference solenoid valves are
switched before detector readings are
taken. This tinme period is necessary in
order to allow the sanple or reference
gas to fully fill the sanple tube

Sample Measure The Sanple Measure tine is the nunber of
seconds of data to collect from the
detector after the Hold Tinme has el apsed
before switching the sanple/reference
sol enoid val ves. The data collected
during this tinme is averaged in order to
reduce noi se.

Lamp Setpoint This is the voltage applied to the
Photonmeter's WV lanp drive. This should
be set to a value between 0 and 5 Volts
such that the detector output is between
the Detector Mn and Detector Max during
the reference half of the Photoneter
cycle. Nor mal | y this IS done
automatically by invoking the [|anp
adj ust ment procedure described |ater.

Detector Offset and Gain The Detector Gain and O fset paraneters
are factory set to reflect resistor
values on the Lanp Drive Board that
cause the detector si gnal to be
anplified and offset. These paraneters
are needed in order to calculate the
ozone concentration and should not be
changed fromtheir factory settings.

Detector Max and Min The Detector Max and Mn paraneters
determine the range of the detector
signal that is considered acceptable by
the autonmatic | anp adj ustnent procedure.
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Rolling Average

Average Holdoff

A rolling average is optionally applied
to the cal cul ated ozone concentration in
order to reduce the variability that is
intrinsic in this type of neasurenent.
The Rol ling Average paraneter determ nes
how many photoneter cycles are included
in this average.

In order to inprove the response tine of
t he Phot onet er during ozone
calibrations, this paraneter may be set
to control how many photoneter cycles to
wait after the ozone generator setpoint
has changed before the rolling average
is activated.

The following paraneters are used to set up the analog outputs
(DACs) for a particular application. By changing these
paraneters, the outputs nmay be scaled and filtered as needed:

DAC Full Scale Conc.

DAC Conc. At OV

DAC Rolling Average

DAC Average Holdoff

This is the ozone concentration that
corresponds to 5 Volts on the analog
out put . The units of measure for this
concentration may be changed by pressing
the F7 Kkey when the paraneter is
sel ect ed.

This is the ozone concentration that
corresponds to zero Volts on the anal og
output. By setting this to a val ue other
than zero, an offset can be introduced.
The units of measur e for this
concentration may be changed by pressing
the F7 key when the paranmeter is
sel ect ed.

Each DAC may be set up wth a different

Rolling Average duration. See the
Rolling Average paraneter descri bed
above, in the Operating Constants
section.

Each DAC may be set up with a different
Average Holdoff. See the Average Holdoff
par anet er descri bed above, in the
Operating Constants section.
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The second page of the Photoneter Paraneters, shown in Figure 9-
contains scaling factors for the various sensors associated with
t he photoneter. For each sensor, there is a sensor equation (and
a control equation for the Lanp Tenperature) that allows the
sensor to be calibrated precisely by setting the three pol ynom al
coefficients. Note that if the C coefficient is set to zero, the
A and B coefficients will correspond to the intercept and sl ope,
respectively, of a sinple linear equation. Wth the exception of
the sanple flow, the Photoneter's sensors are very linear.

O these sensors, the Sanple Tenperature and Pressure are the
most critical, since they are used to conpensate the ozone
nmeasured by the Photoneter for tenperature and pressure
variations. The Lanp Tenperature and Sanple Flow are provided as
di agnostic tools.

Photometer Parameters (page 2 of 3> MoOFe ...
Lamp Temperature ——— — Sample Temperature —
Set Point __..... H H8.8 *C Sensor Equation A: 6.6868
Low Temp Alarm H 48.8 °C y=f+Bx+Cx"2 B: 25 .888
High Temp Alarm H L2.8 °C = Uolts C: d._6880a
gz Temp C°C>
Sensor Equation A: a.680
y=f+Bx+Cx"2 B: 25.888 — Sample Pressure ———
x: Uolts G: d._8aaa Sensor Equation A: —-86_2
y: Temp (°C> y=f+Bx+Cx"2 H 344.67
Control Eguation A: a.680 = Uolts C: 8.680a
y=f+Bx+Cx"2 B: 25.888 y: Press (mmHg2>
x: Uolts c: a.0884
y: Temp (°C>
Sample Flow
Low Flow Alarm : 258 SCCH Sensor Equation A: a.a
High Flow Alarm : 758 SCCH y=A+Bx+Cx"2 B: —6B .68
x: Uolts C: 58.08684
u: Flow <S5CCH> more ...
Figure 9-5 Photometer Parameters, Page 2 of 3
Foll owi ng are brief descriptions of the various sensors:
Lamp Temperature The setpoint, high and low alarns and

the sensor and control equations nmay be
altered in this section. Odinarily it
is not necessary to change these
par anmeters.
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Sample Flow The sanple flow sensor provides an
indication of the flow through the
phot onet er . Note the high value of the
C coefficient, which indicates that,
before it is processed by the 2" order
pol ynom al, the flow sensor's signal is
very non-Ilinear.

Sample Temperature The sanpl e tenperature sensor is used to
tenperature conpensate the neasured
ozone. An incorrect calibration of this
sensor W ll result in erroneous ozone
nmeasur enent s.

Sample Pressure The sanple pressure sensor is used to
pressure conpensate the neasured ozone.
When the Photoneter is inactive and the
punmp is off, the Sanple Pressure, as
viewed in the status screen, should
indicate the rooms baronmetric pressure.
An incorrect calibration of this sensor
wi | resul t in erroneous ozone
nmeasur enent s.

The third page of the Photoneter Paraneters, shown in Figure 9-,
contains paraneters that govern the servo control of the ozone
generator when the Ozone Servo Control option is selected on page
1. If anything other than the standard configuration of the

phot onet er and ozone generator is used, it may be necessary to
adj ust these constants in order to "tune" the servo |loop. A nore
detail ed description about setting the constants on this page is
given in the section "sothat it will not affect other scheduled instrument
automatic calibrations.

Ozone Servo Control Adjustments”, begi nning on page 9-20.
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Photometer Parameters (page 3 of 3> more ...

— Ozone PID Servo Loop Constants

Proportional Term Conztant : H_46a
Integral Term Constant ... = a.188
Derivative Term Constant : @.138
PID Filter _..........-... : 12 Cycles
Filter Holdoff ........... : 2 Cycles
PID Holdoff ......._..._.... : 18 Cycles

Figure 9-6 Photometer Parameters, Page 3 of 3
--- CAUTION - - -

Maki ng changes to these paraneters could
cause the ozone (generator to operate
i mproperly or even to oscillate wildly when
t he ozone servo node is selected. Be sure to
record the original factory settings before
attenpti ng changes.

Foll owi ng are brief descriptions of the PID Servo Loop Constants:

Proportional Term Constant The Proportional constant is nultiplied
by the proportional term of the PID
equation. This termis the difference,
or error, between the current neasured
value and the desired setpoint. The
Proportional constant will normally be
less than 1 for Phot oneter  servo
control.
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Integral Term Constant

Derivative Term Constant

PID Filter

Filter Holdoff

PID Holdoff

The Integral constant is nmultiplied by
the integral term of the PID equation.
This term represents the integral or
accunul ated sum of all the errors since
the PID Iloop was activated. Thi s
constant will also nornmally be | ess than
1 for photoneter servo control

The Derivative constant is rmultiplied by
the integral term of the PID equation.
The derivative term represents the
current rate-of-change of +the error.
The derivative termis normally small or
zero.

The PID Filter snmoothes the Photoneter's
measurenents prior to the PID equation.
Thi s IS necessary since excessive
Phot omet er noi se can cause the PID | oop
to attenpt to conpensate for variations
that are nerely cause by noise. The
value entered for the PID Filter is the
nunber of photoneter cycles to use as
the filter's tine constant.

This is the nunber of photoneter cycles
to wait after a change in the ozone
set poi nt before beginning the PID
filter.

This is the nunber of photoneter cycles
to wait after a change in the ozone
set poi nt before activating the PID servo
control. This is normally set such that
the Photoneter's natural response to an
ozone change has stabilized before the
PID loop is activated for final
adj ust nent s.
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Photometer Calibration

The Photoneter can be calibrated against an external ozone
standard by selecting "Ozone Photoneter” and then "Ozone
Cal i bration"” from the "Devices" nenu. As can be seen in the
Fi gures, below, the photoneter calibration operates in a fashion
al nost identical to the calibration of the ozone generator.

Photometer, Edit Calibration Table
Photometer Reference Photometer Reference
Point <PPB > ‘PFB > Point ‘PFB > ‘PPE >
1 41.0 11
2 7.6 7.8 12
3 i63.4 163.8 i3
4 33a.9 321.8 14
5 LeA.3 482 .8 i5
[ 671.8 643 .8 16
? 839.9 887 .8 i7
8 16888 8 ?269.8 i8
g 1173.9 i12@8.@ i9
18 28
Sample Temperature = 36.2 °C Monitor Equation A: 2.4
Sample Pressure .. : 689 mmHg x: Photometer B: a_967a
Sample Flow ...... H 828 SCCH y: Reference C: —-1.126E-8%
Lamp Temperature H L2.1 °C Correlation coeff: a.799978
Figure 9-7 Photometer, Edit Calibration Table
Photometer,. Interactive Calibration
03Gen Photometer Reference 03Gen Photometer Reference
Point cu > CFFE > CFFE > Point cu > CPFFE > <FPFB >
1 1.888 194.2 195.8 11
2 1.588 399.3 445 . @ 12
2 2.888 sez.? 13
4 14
LY 15
[ i6
ry 17
a8 i8
2 19
i@ 2R
Total Flow Rate <(Diluent + Ozone Flouw) : L.88@ SLPM
Sample Temperature : 43_.1 °C Monitor Egquation A:
Sample Pressure .. = 728 mmHy ¥: Photometer B:
Sample Flow _..... H 158 SCCH uy:- Reference C:
Lamp Temperature H La.a °; Correlation coeff:

Figure 9-8 Photometer, Interactive Calibration



Internal UV Ozone Photometer Page 9-18

For nore details on performng internal calibrations with the
4010, refer to Section 8, "Internal Calibrations”. Though the
Photoneter calibration is very simlar to other interna
calibrations, there are a few differences and consi derations that
shoul d be addressed:

The ot her internal calibrations have both control and nonitor
correction equations. The Photoneter, being a neasurenent-
only device has only a nonitor equation.

O her internal calibrations are used not only for adjusting
for calibration errors, but also for converting voltage units
to engineering units of neasure. For exanple, for ozone
generator calibrations, the control and nonitor values are
both in voltage units, while the external ozone standard is in
terms of concentration (PPB, PPM etc.). 1In the case of the
Phot onet er, however, both the Photoneter (nonitor) and
external ozone standard values are in terns of concentration
units.

The val ues entered into the 3Gen colum during an interactive
Phot oneter calibration are used to activate the ozone
generator in order to produce an ozone concentration for
conpari son of the Photoneter and external ozone standard.

This colum of values is not used to cal cul ate Photoneter

cali bration coefficients.

The Sanpl e Tenperature, Pressure, Flow and Lanp Tenperature
are provided so a record of the environnental conditions at
the tine of the calibration will be known. Though these
paraneters are provided automatically when an interactive
calibration is perforned, they are optional and may be om tted
if manually entering calibration data.

| MPORTANT:  The "Photoneter” colum of nunbers in the New or
Edit Table screens (Figure 9-) represents the uncalibrated
photoneter reading. |If a calibration table is to be generated
manual |y by conparing the photoneter to an external standard,
the previous calibration should be renoved first by selecting
"New Coefficients" under the "Photonmeter Calibration” nmenu and
setting the Photoneter coefficients A, Band Cto 0, 1 and O,
respectively. If this is not done, the resulting calibration
table will be erroneous, since a calibration will have been
applied on top of a previous calibration. This is not
necessary when an interactive calibration is perforned, since
the automatically supplied Photoneter reading is always the
uncal i brated val ue.
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Lamp Adjustment

The Photoneter detector's surface is directly illum nated by the
W lanp after passing through the sanple tube, producing a |arge
si gnal . The attenuation of this detector signal due to the

presence of ozone in the sanple gas is very small conpared to the
signal caused by the lanp's direct |ight.

In order to inprove the resolution and sensitivity of the
detector signal, the signal is anplified by a gain factor and
then of fset such that the 4010 actually views only a snmall w ndow
of the detector's signal range. As the |anp ages, it is possible
for the detector signal to drift outside this nmeasurenent w ndow,
resulting in erroneous ozone neasurenents.

When this occurs, it is necessary to adjust the lanp either by
changing the Lanp Setpoint or by invoking the automatic |anp
adj ust nent  procedure. Once started, the automatic |anp
adj ust ment procedure will try various Lanp Setpoint values unti
the detector signal falls between the Detector Max and Mn
paranmeters, which are set in the Photoneter Paranmeters screen

Before using the automatic |anp adjustnent procedure, the 4010
should be idle and the 4010 should have been powered up at | east
one hour in order that the photoneter |anp block has reached
tenperature and the lanp is stable. The |anp adj ustnent
procedure can be initiated by selecting "Devices" fromthe main
menu, then "Ozone Photoneter” and then "Photoneter Lanp Adjust".
No alternate w ndow wll appear after the “Photoneter Lanp
Adjust” is initiated, however the adjustnent val ues can be viewed
on the bottom portion of the main screen.

The | anp adj ustnent begins by setting the Photoneter lanp to 2.5
Volts. The voltage on the detector is then observed to determ ne
whether the lanp intensity is too low or too high in order that
the next "guess" at the correct lanp Voltage may be made. This
process continues until a lanp Voltage is reached that causes the
detector output to fall wthin the Detector Max and M n val ues.

While the |anp adjustnent procedure is active, the |anp Voltage,

Detector Voltage and |ast detector Voltage values wll be
presented on the status line, labeled as V, D and LD

respectively. If the procedure is successful a nessage
di splaying “Lanp Adjust Successful” wll appear on the bottom
portion of the main wi ndow. QO herw se, the nmessage “Lanp adj ust
Failed” wll appear. If the lanp adjustnent fails you should
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initiate the procedure again. Addi ti onal maintenance may be
required if the lanp adjust continues to fail. You may need to
manual |y adjust the lanp or replace it depending on advice from
the factory.

Automatic Lamp Adjustment

To insure that the detector signal is maintained throughout the
monitoring period, it may be nore practical to schedule the |anp
adjustnment from the existing Photo Adjust Sequence or create a
new sequence for the procedure. Units that are shipped fromthe
factory with photoneters already have the sequence titled “Photo
Adjust” in the sequence nenu. Alternatively, units with the
software 1.08.06 and ol der can have the sequence creat ed.

Creating the sequence can be acconplished by following the
procedures titled “Introduction to Initializing Calibration
Sequences” starting on page 6-7 or by creating an ozone sequence
with the name of “Photo Adjust” and setting a zero point for a
duration of 15 m nutes.

Wether you are creating the sequences or sinply using the
predefi ned sequence in the sequence nenu, you will still need to
schedule the sequence in order for the lanp adjust to occur.
Details about how to schedul e a sequence can be found in the sub-
section titled “Scheduling Automatic Calibrations” on page 6-21.

CAUTI ON

Do not set the frequency of the adjust for too short of a period
or you wll <cause the lanmp to age nmuch nore rapidly than
necessary. The lanp intensity reading on the photoneter status
screen can drop to 2.00 volts without affecting the photoneter

per f or mance. It is recomended that a frequency of three to
seven days be applied for best results. Also, nake sure to have
the lanp adjust occur so that it will not affect other schedul ed

instrunent automatic calibrations.

Ozone Servo Control Adjustments

When Ozone Servo Control is selected in the Photoneter Paraneters
screen, the Mdel 4010 utilizes PID control in order to contro
t he ozone generator based on the Photoneter's neasurenents. The
ozone servo control loop is adjusted or "tuned" at the factory
for optimum perfornmance when the Photoneter's inlet is connected
to the 4010's output manifold and when both the photoneter and
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ozone generator are calibrated. If the photoneter is connected
el sewhere, for exanple to an external sanple manifold, it will be
necessary to re-tune the | oop by adjusting these constants.

Many books have been witten about control theory and PID control
and about setting the three main constants of the PID equation:
the Proportional, Integral and Derivative constants. The process
of setting these constants is called "tuning” and is considered
by many to be an art rather than a science.

Al t hough a thorough discussion of control theory and the tuning
of PID |oops is outside the scope of this manual, a few pointers
and tips may give a user unfamliar with PID control a chance of
successfully tuning the 4010's servo |loop using a trial-and-error
approach. In general, adjusting the PID constants is a |engthy
and painstaking process that should be avoided if possible,
however for those brave hearts that want to attenpt it, here are
a few general tips, pointers and suggestions:

If at all possible, use the standard configuration with the
Photoneter's inlet attached via a short |ength of Teflon
tubing to the 4010's inlet manifold. In this configuration,
it should not be necessary to alter the factory tuning
constants.

Be sure the ozone generator is calibrated such that its output
mat ches the 4010's photometer. The factory tuning assunes

t hat when the ozone generator is commanded to produce an ozone
concentrati on when servo control is disabled, the photoneter

wi |l nmeasure that concentration within a few percent.

Before attenpting any changes, wite down (or print using the
report button) the factory settings in all three pages of the
Phot onet er Paraneters screen.

For the standard configuration, initially tune the servo | oop
using the 4010's "Fake Hardware" node. In this node, al
anal og and digital 1/Ois replaced by simulated hardware. 1In
particul ar, care has been taken to nake the photoneter
simulation as close to the real thing as possible, at |east
for the standard configuration with the Photoneter inlet
attached to the 4010's outlet manifold. The Fake Hardware
node may be sel ected by typing ALT-H on an external keyboard.

When in Fake Hardware node, it is possible to tenporarily
reduce the photoneter cycle tinme by setting the Sanple Hold to
0 and Sanple Measure to 1. These paraneters can be changed on
page 1 of the Photoneter Paraneters screen. This wll speed
up the testing process without affecting the actual PID

t uni ng.
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In order to force a servo | oop adjustnent to be necessary,
tenporarily change the Photoneter's calibration by entering
new coefficients in the Photoneter Calibration under the
Devices nmenu (after first recording the current Photoneter
calibration). For exanple, setting the A, B and C
coefficients to 0, .95 and O will cause about a -5% span error
that the PID | oop nust adjust for. After arriving at a set of
PID constants, try varying the B coefficient and observing how
the | oop responds.

Use the strip chart in the Photoneter Di agnostics screen to
observe the response of the photoneter as its measurenent
closes in on the setpoint value. Alternatively, an external
strip chart recorder attached to a photoneter DAC output could
be used to provide a nore detailed picture of the response
characteristic.

Set the PID Hol doff such that the PID | oop does not becone
active until the Photoneter's neasurenent has approxi mately
reached a final value on its owm. This greatly inproves
initial response tinme. For the standard configuration, it
t akes about 10 cycles (at 16 seconds per cycle) for the
photoneter's reading to stabilize after an ozone set poi nt
change.

Initially, set the PID filter to about 12 and the Filter

Hol doff to about 2. This provides pre-filtering of the

Phot oneter' s neasured ozone data. It is inportant to renove
as nmuch noi se as possible to avoi d excessive wandering of the
servo loop as it tries to correct for random noi se.
Increasing the PID Filter too nmuch could adversely affect
response tine of the | oop.

Start out with the Derivative termset to zero. It is
possible (and sinpler) to tune the servo | oop using only the
Proportional and Integral terns. |If there is a slight

overshoot, however, the Derivative termcan sonetinmes be
increased slightly to elimnate the overshoot, rather than
decreasing the Integral term resulting in an inproved
response tine.

Start out by selecting the factory default Proportional and
Integral terns (about .4 and .2, respectively). Wth the
Proportional constant renaining fixed, increase the Integral
constant if the photoneter takes too long to reach the
setpoi nt value and decrease it if there is overshoot or
oscillation. The best Proportional constant value can be
found by trying different values, but for each new
Proportional constant, the Integral constant bust be

readj usted to conpensate for undershoot or overshoot.
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After setting the constants using the Fake Hardware node,
resunme normal node (by entering ALT-H) and run tests with the
real Photoneter and Ozone Generator. Be sure to restore the
original Sanple Hold and Measure tinmes. The response may be
sonmewhat different than that while using the sinulated

Phot ometer, requiring additional adjustment of the PID
constants. Test that the servo control operates properly even
when the photoneter calibration is high or |ow

Routine Maintenance

The Model 4010's Photoneter is designed to operate with mnim

mai nt enance, however periodic maintenance will ensure that the
Phot ometer continues to operate in the optinmm condition. In
addition, there are several conponents in the Photoneter that
should be considered expendable and that wll need periodic
repl acenent. This section describes the comobn maintenance
i temns, beginning wth those requiring the npbst frequent
attention.
Calibration
In order to ensure the accuracy of the 4010's Photoneter, it
shoul d be calibrated periodically by conparing it to an ozone
reference standard. This wll not only ensure that the
Photoneter's measurenents are accurate, but wll also point
out when there is a problem and mai ntenance is needed. The

sub-section entitled "Photoneter Calibration"” beginning on
Page 9-17 describes how to calibrate the 4010's Photoneter.

Lamp Adjustment
The Photoneter's UV lanp directly illum nates the detector's
surface after passing through the sanple tube. This produces
a large signal on the output of the detector. The attenuation
of this detector signal due to the presence of ozone in the
sanple gas is very small conpared to the signal caused by the
lamp's direct light.

The sub-section entitled “Lanp Adjustnent” beginning on Page
9-19 describes how to properly adjust the lanp for optinum
detector efficiency.

Inlet Filter Replacement

A Teflon filter on the inlet of the Photoneter nay be provided
to protect the Photoneter form particulate matter that could
ot herwi se contanmi nate the pneunatic pathways. Newer versions
of the Moddel 4010 supply zero air fromthe alternate air port
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provided from the dilution stream In this instance, the air
shoul d be particulate free, thus the need for a filter is not
required. O herwi se, dust can have an adverse effect on the
Photonmeter's accuracy, since accurmulated contam nants may
react wth ozone, causing an apparent span error.

Al t hough the Mbdel 4010 Photoneter is ordinarily exposed to
| ess dust than anbient ozone analyzers, since it is usually
sanpling ozone in a clean air stream rather than that in
anbient air, the filter should be replaced periodically to
prevent the effects of accunulated dust. The filter 1is
contained in a Teflon housing which is attached to the
Photoneter's rear panel, directly behind the sanple inlet.
The filter can be changed fromthe rear panel, w thout opening
t he 4010.

The inlet filter may be changed by followng the steps listed
bel ow:.

[1] Make sure the Photoneter's punp is off, otherw se
unfiltered air from the room could be drawn into the
Phot onet er, contam nating the pneunati cs.

[2] Renove the sanple inlet tube.

[3] Renobve the four screws securing the filter housing
retaining plate.

[4] Holding the inlet connection, tilt the filter housing
sideways in order to disengage the front half of the
housing from the rear. Note that the inlet side of the
filter housing has the word "Inlet" stanped on the inside
and that two tabs engage slots in the other half of the
housi ng.

[5] Renove and discard the old filter (the white Teflon

disk). Install the new filter using tweezers or gloves.
Avoid touching the surface of the filter with your bare
fingers.

[6] Reinstall the inlet side of the filter housing nmaking
sure that the two tabs engage the slots in the other
hal f . Secure the filter with the netal plate and four
SCrews.

[ 7] Leak check the Photoneter as described bel ow
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[8] Reattach the sanple inlet.

Leak Check

Leaks can develop due to the deformation of seals or by
| ooseni ng of connections due to vibration. A leak within the
Photoneter assenbly or in the pneumatic path before the
Photonmeter can result in erratic or |ow span readings. A |eak
between the Photoneter and punp can result in low flow or
erroneous pressure indications.

The follow ng procedure may be followed to test the Photoneter
sanpl e path for | eaks:

[1] Wth the Mdel 4010 powered off and disconnected from
power, renove the cover fromthe unit and put it aside.

[2] Using a 9/16” wench, disconnect the hose connected to
the fitting | abel ed Vacuum Source as shown on Figure 9-9.

[3] Using a 9/16” wench, renove the 3-Way val ve connection
from the sanple tee and plug the horizontal port with a
suitable cap. Refer to Figure 9-9 for details.

[4] Apply the vacuum source and nonitor for any | oss. The
vacuum source should read approximately 15 inHg and the
system should maintain the initial value for a few
mnutes to insure systemintegrity.

[5] |If there appears to be a |eak, make sure that the sanple
colum bushing and fittings are pressing the o-rings

sufficiently to maintain a proper seal. The conpression
on the o-rings can be changed by screwing the fitting
side of the sanple colum out. Do not adjust the

pl acenent of the bushing or fitting by |oosening the set
screws unless it is absolutely necessary for proper O-
ring conpression.

[6] Replace all connections and place the cover back on the
cal i brator.
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ONMECT VACLILIAA

Figure 9-9 Photometer, Leak Check Setup

Photometer Flow Check/Adjustment

The reference air for the photoneter is supplied fromthe sane
source as the diluent air for the dilution system This is
split from the dilution stream prior to entering into the
dilution system Hgh or low flow entering the sanpling
stream can cause the photoneter to read erratically or off
dependi ng on the amount of flow

The reference air is regulated by a precision pressure
regulator and orifice to 1400 SCCM or 1.4 Liters. The
foll ow ng procedure can be used to determne the flow of the
zero air and to adjust the regulator if the flowis incorrect:

[1] Wth the Mdel 4010 powered off and disconnected from
power, renove the cover fromthe unit and put it aside.

[2] Disconnect the hose that is connected to the tee fitting
| ocated on the sanple valve. The tee for the valve is
qui ck disconnect fitting, so pressing the collar inward
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[ 3]

[ 4]

[ 5]

[ 6]

[7]

and pulling the tube out will renove it wthout the use
of tools. Refer to Figure 9-10 for details.

Connect a flow standard to the output of the regul ator.
The flow standard nust be capable of reading at least 1.4
Liters or 1400 SCCM Refer to Figure 9-10 for details.

Apply 35 PSI of zero air to the port l|abeled “AIR IN on
t he rear panel of the photoneter.

The flow standard should be reading 1.4 L or 1400 SCCM
after the zero air is applied.

If the flow is reading high or low, then the pressure

regulator wll need to be adjusted. Adj ustnents can be
made by rotating the screw |located on the top of the
regul at or. Al'l ow enough time for the flow standard to

stabilize before re-adjusting.

Repl ace all connections and place the cover back on the
cali brator.

REGULATOR

RIFICT TEE FITTIMG

DHSCONNECT TURE FROM TEE _'.’ﬁ
'—TJ-IJ"IINH. CONNECT FLOW _—
= s TANDARD TO TUBE. ORIFICE
@ MUST BE IN FLOYW PATH FOR a
PROFMER ADJUSTMENT. .

-

Figure 9-10 Photometer, Flow Check/Adjustment



Schematics

4010 Pneumatic Flow Diagram
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WARRANTY

Sabio Instrunments, Inc. warrants that its products will be free
from defects in materials and workmanshi p under nornmal use and
service for the current established warranty period of twelve
months for the Mdel 4010. Sabi o Instrunents obligation under

this warranty shall not arise wuntil the Buyer returns the
defective product, freight prepaid to Sabio Engineering' s
facility or another specified location. Sabio Instrunments, Inc.
will at it's option replace or repair free of <charge the

defective product.

LIMITATIONS ON WARRANTY

The warranty set forth above does not extend to and shall not
apply to:

1. Products which have been subject to abuse,
m suse, neglect, accident, power reversal or
i mproper installation.

2. Products which have been repaired or altered
by other than Sabio Instrunents, I nc.
personnel, unless Buyer has properly altered
or repaired the products in accordance wth
procedures previously approved in witing by
Sabio Instrunents, Inc.

The warranty and remedies set forth above are in lieu of all other warranties
expressed or inplied, oral or witten or by operation of law, statutory or
ot herw se.



SERVICE POLICY

1. If a product fails during the warranty
period, it will be repaired or replaced free
of charge. For out of warranty repairs, the
custoner will be invoiced for repair charges
at the current standard |abor and materials
rates.

2. Custonmers that return a product for repairs

within the warranty period, and the product
is found to be free of defect, nmay be liable
for the m ninmum current repair charge.

3. In certain conditions, Sabio Instrunents,
Inc. provides on site warranty repairs. For
more information in this regard contact the
factory.

RETURNING A PRODUCT FOR REPAIRS

Upon determning that repair services are required, the custoner
nust :

1. bt ain an RVA (Return Mat eri al
Aut hori zation) from Sabio Instrunents, Inc.,
512/ 869- 0544.

2. If the request is for an out of warranty
repair, a purchase order or other acceptable
i nformation nmust be supplied by t he
cust oner.

3. Include a list of problens encountered al ong
with your nane, address, telephone nunber
and the RMA nunber.

4. Package the product in an appropriate
contai ner for shipping. It is recomrended
t hat the original cont ai ner, which is

especially made to fit the product, be used
in this event.



5. Wite the RVA nunber on the outside of the
shi ppi ng cont ai ner.

6. For products wunder warranty the custoner
must pay shipping to Sabio Instrunents, Inc.
Sabio Instrunents, Inc. will pay for return

shi ppi ng to t he cust oner via ground
transportation.

NOTE: PRODUCTS RETURNED TO SABI O | NSTRUMENTS, |INC  FRElI GHT
COLLECT OR W THOUT AN RVA NUMBER CANNCT BE ACCEPTED AND W LL BE
RETURNED FREI GHT COLLECT.



Sabl{)

INSTRUMENTS,INC.
103A Halmar Cove, PO. Box 5059, Georgetown, Tx 78627-5059 512-869-0544 Fax 512-869-0993 sales@sabio.com
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